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RESEARCHES ON THE CIRCULATION TIME IN 
ORGANS AND ON THE INFLUENCES WHICH | q 
AFFECT IT. By G. N. STEWART, M.A, DSc. M.D. a 
I. Preliminary Paper. 
(From the Physiological Laboratories, Cambridge and Strasburg.) q 
SomE time ago’ I described a method of measuring the circulation time — 
which I believe to have great advantages over the method of Hering 
in the cases to which it is suitable, and which I have found especially 
useful in studying the circulation in organs like the kidney, lungs, 
liver, intestines, ete. I wish here to give a preliminary account of some 
_ of the work I have done in this way during the past two years, without 
either quoting or discussing the results in detail, or making more than 
incidental references to the literature of the subject. The experi- 
mental arrangements will, however, be described with some minuteness. 
In future papers I hope to treat the matter more fully, with the aid of 
the considerable amount of material already in my possession and of 
that which I may be able further to accumulate. A discussion of the 
theory of the method, a critical estimate of its value, and an examina- 
tion of possible objections to it will be attempted i in one of these papers. 
The principle on which the method is based is as follows. | 
Since the electrical conductivity of blood is practically that of a 
solution of the salts in it, it can readily be altered by the injection of 
a solution of common salt of sufficient strength. The alteration will 
travel on with the velocity of the blood stream, and the arrival of the 
altered blood at any point of the vascular system may be detected by 
an easy galvanometrical observation, without the necessity of opening 
the blood-vessel. Ifa pair of unpolarizable electrodes be put in contact 
with the vessel between which and the point of injection the circula- 
tion time is to be measured, and connected with the ordimary W heat- 
stone’s bridge arrangement, the balance will be disturbed as soon as 
the altered blood has reached the piece of vessel between the electrodes; 
1 Proc. Physiol, Soe. Nov. 8th, 1890. 3 
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and a deflection will take place, the beginning of which will indicate 
the moment of arrival. The interval between this time and the 
beginning of the injection, the time of which has been also noted, gives ~ 
the circulation time. 


So much for the general principle. We shall now describe the | 


details of its application which a pretty extended experience of the 


. electrical method has shewn to be of importance, reserving only the 


modifications which have been found necessary or convenient in special 
experiments to be mentioned when tices experiments come to be 
spoken of. | 


The measurement of the time. 
It was very desirable that the method of doing this eda be at 


once simple and quick, and yet sufficiently accurate. The usual 


electromagnetic arrangement, with tuning-fork, revolving drum, and — 
all the ordinary impedimenta, was rejected as too cumbrous, although 
undoubtedly very fairly accurate. A little trial and a little reflection 
sufficed to shew that it was foolish to attempt to measure to a hundredth 
of a second a quantity like the circulation time, which was probably 
subject to spontaneous and uncontrollable variations of a twentieth 
of a second or more, I therefore looked about for something more 
convenient ; and found all that was required in a stop-watch graduated 
in fifths of a second, and made specially for scientific work by a Swiss 


firm. With this chronometer it was possible: to read between the 


divisions to twentieths of a second, a degree of accuracy which I found 
sufficient. It was only necessary to press the release at the moment 
when injection was begun, and to stop the watch as soon as the galva- 
nometer image began to. move. The interval could then be read off at 
leisure. It will be seen, when we begin to quote the results, what long 
lists of concordant numbers we are able to get si i successive observa- 


tions made in this way. 


The injection of the | 

This is an equally important point. After a little trial, it was 
found perfectly easy to arrange the syringe or other injecting apparatus, 
so that the injection could be managed by ene hand of the observer, 
always the right in these experiments, while the chronometer was held 
in the other, and the eye was applied to the telescope of the galvano- 
meter. With practice no difficulty was found in setting the watch 
off at the very moment of injection, and the touch of the finger on 
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the piston of the syringe was quite a sufficient guide, so that the eye 
was left free. In this way the observer not only rendered himself 
independent of the aid of an assistant, but also ensured greater accuracy 
in the time measurement than would have been possible had one 
person made the injection and another looked at the galvanometer, as 
was done in the preliminary work. As a matter of fact, it was only in 
a very few of the first experiments, and only during the operation in 
the others, that any assistance was employed; while many experiments 
were done from beginning to end without help. This is mentioned to 
shew that the proceeding is by no means 4 complicated one in practice, 
_ although it may look so in print—a point of importance in judging of 
the value of a method. 

The details of the injecting arrangement used in the greater number — 
_ of the experiments are so simple that a figure is unnecessary. A small 
_ syringe, with graduated piston, is connected with a T piece, one limb 


of which communicates by an indiarubber tube with the cannula in- 


serted in the blood-vessel. By means of a cock this can be cut off from 
the syringe, or put into communication with it. The other limb of 
the T is connected with a tube dipping into a vessel containing the 
salt solution to be injected. This vessel is immersed in the water of 
the warm box in which the animal is fixed, and it is thus secured 
that the solution is always injected warm and at approximately constant 
temperature. 

Before each observation the syringe is filled by closing the tube con- 
nected with the blood-vessel, and drawing up the solution through the 
other. The latter is then closed by a cock or clip, the former opened ; 
and, in injecting, the piston is pushed down till it is stopped by a check, 
_ which can be previously adjusted, so as to make the quantity injected 
larger or smaller, from 4o.c. to 5c.c. 

The solution used was generally a 2°5 per cent, solution of common 
salt. For special purposes a weaker or a stronger solution was 
occasionally employed. In a few of the preliminary experiments, 
before the sensitiveness of the method was known, solutions as strong as 
10 per cent, were used. This strength is, however, much too great, and 
quite unnecessary, at least for animals of the size of rabbits, cats, and 
small dogs. In fixing the strength and quantity of the solution to be 
injected, the rule is to use the minimum quantity of salt required to 
cause a sufficiently large and definite deflection. Since the amount of 
the deflection depends upon the ratio of the new resistance of the arm 
of the bridge containing the blood-vessel to the old, and since the only 
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variable factor in this resistance is that of the blood contained’in the 
vessel, so much salt must be added to the blood at the point of 


injection, that when the column of altered blood has reached the 
electrodes, it is still able to diminish the resistance in this arm by a 
sufficient fraction of its amount. It is evident that the necessary 


quantity will depend upon the total amount of blood in the animal, or, 
what is usually much the same, the size of the animal, upon the 
distance the blood has to travel before reaching the electrodes, and 
the amount of branching of the path. The larger the animal, the 
greater the distance between the cannula and the electrodes, and the 
freer the circulation of the injected salt by other routes, the greater 
must the quantity injected be. From experience I have found 1 to 2c.c. 
of a 2°5 per cent. solution about the best quantity to use for a rabbit 
or a very small dog, when only one set of capillaries lies between the 
point of injection and the electrodes. When two sets of capillaries 
intervene, it has sometimes been found advantageous to use a 3, 4 or 
even 5 per cent. solution. 

The quantity injected can be varied a good deal without affecting 
the reading of the circulation time, when injection is made into a vein 
like the jugular; for the considerable capacity of the right side of the 
heart, and the sealing up of the auricle and the mouths of the great 
veins during contraction, tend to prevent the pressure from being 
artificially raised, and the blood and salt solution forced through the 
lungs at more than the normal rate. 

Experiment 1 is an example of this. 


EXPERIMENT 1. Rabbit, 2000 grams. 1°5 gram. chloral hydrate in 
rectum. Cannula in right jugular vein. Right carotid prepared. 


Circulation time from 
Time Solution injected | , right jug. to right Deflection 
carotid 
59 1 «ec. 2°6 
1.1 27 
9 1 ” 2°7 
1.11 15 ,, 2°6 
1.15 16 ,, 2°5 
20 
22 27 oO 
24 2-7 oO 
.26 05 ,, 8°4 
.28 236 
80 5 ” 28 
387 8-2 
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The Electrodes. | | 
Since it is the proportion of the diminution of resistance in the 
circuit including the piece of blood-vessel to the total resistance of that 
circuit which determines the amount of the deflection, it is important 
that the variable resistance should bear as great a ratio as possible to 


the fixed resistance. The latter is made up of the resistance of the 
electrodes and that of the vessel walls. The resistance of the vessel 


walls can be diminished, or at least prevented from increasing, as it is 


apt to do when the vessel is long exposed,.by moistening with normal 
saline solution. This is not always desirable, however, except near the 
electrodes, as a drop of the solution would cause short circuiting of the 
current. The resistance of the electrodes, although it must of course 
be always rather high, since they must be unpolarisable, can be greatly 
diminished by properly choosing their form and dimensions. 

I have found the ordinary clay and zinc sulphate electrodes the 
best. Where the diameter of the blood-vessel was small the electrodes 
were both hook-shaped ; and the vessel was laid on them so that the 
current would pass, on the whole, longitudinally. With large blood- 
vessels, and especially where two pairs of electrodes had to be brought 
into contact with neighbouring cross sections of the same vessel, it was 
sometimes found advantageous to use a pair consisting of one hooked 
and one straight-pointed electrode, the vessel being laid in the hook, 
and the point of the other electrode being arranged vertically over 
it. Here the contacts of the two electrodes would be approximately 
at the ends of a diameter of the vessel, and the current would pass 
transversely. 

Each pair of electrodes was fixed in proper position in a cork 
holder attached to a universal joint. 

To make the hook-shaped electrodes, a glass tube of fairly wide 
bore is drawn out abruptly, and bent into a hook as near the full bore 
as possible. The hook is flattened, and its point fused. A hole is next 
made in the usual way with a wire, the bore being opened exactly at 
the bottom of the bend. When the electrode is filled with clay, the 
vessel makes contact with the latter through this hole. 

All the details given are of importance, if the most suitable elec- 
trodes are to be obtained, although nearly any kind will give fair 
results. The hook is almost indispensable, in order to keep the vessel 
in position. If it is not made thin and fine there will be undue pressure, 
and the flow of blood will be hindered, especially if the vessel is a vein. 
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The bore should be fairly wide, and. narrowed as near to the hook as 


_ possible, in order to keep the resistance of the electrodes low. 


T also tried a form of d’Arsonval’s electrodes made specially for these 
experiments, with vulcanite hooks for the vessels, but I did not find 
them satisfactory. | 

The Galvanometer. 


It is perhaps well to use a galvanometer with a light magnet and 
mirror, where this can be obtained ; but an ordinary Wiedemann does 
well enough; and the greater number of my experiments have been | 
made with a Wiedemann. The galvanometer should be rendered 
fairly sensitive. For some purposes it is well to make it aperiodic; 


for other purposes this is unnecessary, and for some it is disad- 


vantageous. 

Whatever kind of galvanometer i is used, the readings should be 
taken with a telescope and scale, as this simplifies the observations 
greatly. Theoretically the resistance of the galvanometer should be 
adjusted to the resistances in the bridge, if the greatest delicacy is to 
be attained ; but in practice it is quite sufficient to take any ordinary 
high resistance galvanometer, of the kind used in muscle and nerve 
experiments and with a resistance of 4000 to 7000 ohms. Mine had a 
resistance of 4373 ohms. 


The: Wheatstone’s bridge. 


This was formed in the usual way with a resistance box of iestintion 
pattern. Sometimes the resistance of the arms of the bridge was 1000 


ohms each ; but when the resistance of the circuit containing the blood- 


vessel was more than 10,000 ohms—and of course it varied greatly with 
the size of the vessel and the length of it between the electrodes—the 
bridge ratio had to be made 100: 1000. Where nothing is said about 
the ratio, it is to be assumed that it was 100: 1000. 


This consisted of a single Daniell, the of 
which was subdivided by a rheochord before reaching the bridge, so that 
only a weak twig passed through it; and the current strength in the 
branch containing the vessel was always low. 

| The Warm Boz. , 
This was a metal box standing on fect, and heated by two small 


flames below. A considerable quantity of water was put in it, so that 
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no sudden changes of temperature could take place. The holder con- — 


taining the animal was put in the box at a suitable height, and the 
holders of the electrodes having been passed in over the edge, the whole 
was covered with glass plates. Unfortunately, during a portion of the 
work I had not this ipeacccesue for keeping up the temperature of 
the animal. — 


of 


This | was obtained by slipping strips of thin sheet indiarubber 
beneath them. Of course when the electrodes were longitudinally — 
arranged on a vessel, a twig of the current would pass round by the 


general mass of the tissues where the isolated vessel joined them. The 
longer the piece of insulated vessel in proportion to the distance between 
the electrodes, the weaker would this twig be. 

It is, therefore, of some consequence to isolate as long a piece of the 
vessel as is convenient, without damaging the circulation. But, since 
the change which the arrival of the salt can produce in the resistance 
of the part of the circuit formed by a great mass of tissue must be 
trifling in comparison with that produced in the resistance of the 
isolated blood-vessel, the beginning of a well-marked deflection must 


always indicate the time when the change of resistance has actually — 


_ reached the isolated portion of the vessel ; so that whenever this is re 


enough to leave room for the electrodes a sufficiently accurate obser- — : 


vation may be made. 
: To get a preliminary notion of the meaning and possible magnitude 


of changes in the circulation time, I made a few experiments on an 
artificial scheme. It consisted of a system of tubes, ¢hiefly elastic, 


through which a flow of water was kept up from a large reservoir. At 
one point in the system a piece of fresh artery was introduced, which 
was arranged on unpolarisable electrodes of the kind used in the experi- 
ments, and so connected with the Wheatstone’s bridge. A cannula in 
connection with the injecting apparatus was inserted at another point 
of the apparatus. . The artery could be introduced directly into the 


unbranched circuit, or put into a collateral circuit. The peripheral — 


resistance was varied in differefft ways, -by introducing or removing 
glass capillary tubes, or by compressing with clamps and strips of wood 
a part of the indiarubber tube. . 

Experiment 2 is an example of the einis got in this way; and 


though only of course a very rough imitation of anything which could — 


happen in an animal, it indicates clearly enough, I think, how we are 
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to indies changes of the circulation time occurring under certain . 
conditions. 


ExpeRIMENT 2. (Artificial ficheme.) 


Resistance Circulation time ~ Deflection Notes 
0 ni 
Some 14°7 605—oo 
More 25°85 492—c 
No 71  400—a lec. 8°), NaCl injected. 
No 7°05 109—976 ene 
Some 16°75 0—98 ” 
Some 10°9 410—429 Galv. coils at 4; 1 c.c. 3°/, NaCl in- 
: jected in all that follows. 
No 79 398—567 
Some 10°15 446—932 
More 490—o 
Same as last 19°35 612—a 
8°3 545—oo ; 
No 6°8 475—a Rh. 50; deflection was about 100 
| divisions off scale, 
Some 17°75 600—937 


Note. ‘Galv. coils at 2, at 4” &c. means that each coil of the galvanometer (Wiede- 
mann) was 20mm., 40mm., &c. distant from the galvanometer magnet, 

“Rh. 250, Rh. 50” &c. means that 250 mm., 50 mm., &c. of the rheocord wire was 
interposed in the battery circuit. 

In order to test further the value of the method before proceeding 
by its aid to attack more difficult problems, it seemed well first of all 
to measure the circulation time in a number of vascular tracts under 
conditions which made comparative observations on one and the same — 
animal easy, and which did not preclude, in properly selected cases, 
the comparison of results obtained on different animals, 

All the experiments contained in this paper are concerned with ie 
determination and comparison of the girculation time of various tracts, 
but not with the influence of section and stimulation of nerves upon . 
that time, nor with any other influences beyond that of temperature, 

The animal (Rabbit) was put under chloral, the vessel or vessels 
to be placed on the electrodes exposed, and the cannula inserted into 
a vein (the external jugular, or one of its branches, or other veins, 
according to the object of the experiment). Since chloral lowers the 


& 


blood pressure, it might seem to be a bad narcotic for experiments on 


the circulation. But for comparative experiments, where a notion of 
the relation between the circulation time in different organs is wanted 
rather than absolute measurements, it is a good drug, as it may be 
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supposed to cut out accidental variations of the calibre of the small 
vessels, In all experiments with section and stimulation of nerves 
curara or urethan was used. 

The time of the lesser circulation ¥ was pencralie taken as a standard 
of reference with which to compare other circulation times. The 
carotid was therefore exposed on one side in addition to the vessels 
required for the special purpose of the experiment. When the cannula 
was in the main stem of the jugular, as was generally the case, it was 
always pretty low down, so that its point was only at a comparatively 
short distance from the heart. The carotid was also usually prepared 
for the electrodes not very far above its origin. So that the circulation 
time from jugular to carotid would exceed that of the lesser circulation 


_ only by the time which the blood takes to pass from the mouth of the 


jugular’ to the right side of the heart, and from the left side of the 
heart to & point a little beyond the origin of the carotid. 

If then we take the average length of the arterial path from the 
left ventricle to the electrodes on the carotid as 4 cm., and from the 
mouth of the external jugular to the right heart as 1°5 cm., and assume 
the velocity of the blood in the arterial part of the path to be 20 cm. 
per second, and: that in the venous part, 10 cm. per second, we get 
0'2” + 0°15” = 0°35” as the excess of the circulation time from jugular 
to carotid over the true time of the lesser circulation. If this excess 
remains sensibly constant, that is, if, with the degree of sensitiveness 
used in the measurement of time in our experiments, it does not vary 
more than } of its whole amount, no sensible error will be caused by 
taking the unreduced time as the measure of the true time of the lesser 
circulation, This is what has génePally been done, although in all 
experiments in which it was thought necessary to have data for making 
a correction, the distances were actually measured on the blood-vessels. 

When a comparison of two circulation times was to be made, the 
electrodes needed were either first of all put in position in the two 
vascular tracts, and one or the other set thrown on to the bridge by 
means of a commutator, or a single pair of electrodes was shifted about 
from one to the other. 

When a vein had to be placed on the electrodes the former plan 

1 The portion of the vein between the cannula and its junction with the subclavian 
must always remain pretty full of salt solution from one observation to the next; and in 
the very moment of injection as much solution must pass into the superior cava as passes 
from the syringe to the jugular. The mouth of this vein, or of any other in which the 


cannula is inserted, and the circulation stopped, is therefore to be taken as the starting- 
point of the injected salt. 
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was found to be safest; but with arteries perfectly good results were, 
with a little care, obtained by the latter method. 

_ In Experiment 3 the circulation time from the mouth of the 
posterior facial branch of “the left external jugular to the right 
carotid artery is compared with the time from the same point 
of origin to the right crural artery. The crural vessels were always 
prepared about the upper third of the thigh. 


Experiment 3. Rabbit, 2 kilos. Morphia. Right carotid and right 
crural artery exposed. Cannula in left posterior facial vein. 
Right crural artery on electrodes. Circulation time 4:5” 


Now injected -2 gram chloral hydrate subcutaneously and -2. gram into 


3:3” 
blood through the cannula, Circulation time f 5” 


Right carotid artery on electrodes. Circulation time +2-5” 
5” 
Right rare artery again on electrodes. Circulation time 3-7” 
3: 3” 
Right jugular vein on electrodes. Circulation time 43'0" 
3°2” 


P.M. Bladder contained 126 cc. urine; much distended. Blood clots 
well and as rapidly as normal. Jl the organs normal in appearance. | 


The average pulmonary circulation time (uncorrected) is here 2°45” | 
(we only take account of twentieths of a second). The average time tu 
the crural artery of the three observations taken first is 37”, which 
exactly agrees with the last observation. The difference, 1:25”,- repre- 
sents the time taken by the blood in passing to the crural artery from 
the section of the aorta at which the solution has arrived at the moment 
of its reaching the electrodes on the carotid. If we suppose the velocity | 
up to this section in the descending aorta to be the same as in the 
carotid up to the electrodes, we get 1°25” as the time required by the 
blood to pass to the right crural artery from a point of the descending 
aorta at the same distance from the heart as the position of the elec- 
trodes on the carotid. In the experiment this point would be about 
4 cm. from the origin of the aorta, and the electrodes on the crural 
would be about 22 cm. from the origin of the aorta. The blood there- 
fore takes 1°25” to travel 18 cm., an average velocity of 144 cm. per 
second over this part of the path. _ 
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In Experiment 4, the average circulation time of the first set of 
Experiment 4. Rabbit, 2003 grms. 1-2 grm chloral dco in rectum. 


Cannula in left jugular vein. 
: Circulation | Maximum 
Time Vascular tract “Time | Deflection Notes 
\ 11.45 | Left jugular vein to | "3-9" a Bridge ratio 100 : 1000; Box 2400.+ 
right crural artery ows 
11.50 8°85 370 
54 4: 385 

12.1 Left jugular to right 8-1 230 | Bridge ratio 100 : 1000; Box 1200. 

2°8 241 

10 2°5 218 Box 1300. 

18 ei 3 216 1 gr. chloral hydrate subcutaneously, 

as animal restless. 

24 

5 40: Gils point tec. of 95 

l was used for each in- 
1.21 | Left jugular to right 4-1 le.c. of 5%, solution of NaCl. Box 
: ~ 2300. As blood not flowing freely 
vein on electrodes, a small 
9 side branch was op and put 
- on one electrode, while jugular vein 
itself remained on the other. 

49 170 Far slower movement than with 

carotid artery on electrodes. The 
‘ return is especially slow. 

.29 Ligatured another small branch and 
put it on Blood 
seems now to flow better through 

.| vein. Box 4300. 
43 
45 48 5000 
2.2 | Left j to right 78 crural artery and were ex- 
3 ment. Box 1800. 
8-4 Box 1300 
.20 se 88 Image somewhat unsteady, and this 
is almost a 
little too long. 

8-4 202 Deflection pretty sharp. 

27 Pe 8°5 200 Temperature in rectum 30°75°. 

84 | Left jug. to right 54 

Box 1300. 
| 
497 | Left jug” to right | 8 nove by 
P arm: now by water 
aa 3 box. Temp. of rectum rose very 
80 2-8 
53 | Left jug’ to right | 885 
jug. 
crural vein 
5.10 | Rectum 85°, 


tn the whole of thie experiment 04" had to be dedueted from the eiroulation time 
v for error of null point of chronometer. The corrected readings are 
+ “Box 3400” means that 2400 ohms hed to be put in from the resistance box to give 
the balance of the bridge. 
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observations from jugular to crural artery is 3:80" ; the average of the 
first.set of seven pulmonary readings is 2°80”. The difference, 1:00”, 
represents again the circulation time of the pith to the right crural — 
artery from the point on the descending aorta corresponding to the 
position of the electrodes on the carotid. As these were about 6 cm. from 
the beginning of the aorta, as compared with 4 cm. in the last experi- _ 
ment, the time, 1”, would correspond to a path about 2 cm. shorter than 
the time, 1:25”. 4 
About three hours later, the average circulation time to the crural 
artery was considerably increased. It was now 54”, while that of the 
pulmonary circulation was precisely the same as before, viz. 2°83". The 
lengthening of the circulation time to the crural artery must be attri- 
buted, partly at least, to the cooling of the animal (the hot box had not 
yet been used), which, as we shall see, has a great effect. The tem- 
perature had risen again very considerably before the corresponding 
pulmonary observations were taken, although not ‘nearly to its old value 
during the first series, and this might be supposed to account for the 
fact that the pulmonary circulation time was undiminished. There is 
little doubt, however, and many of the observations to be quoted confirm 
this, that the pulmonary circulation time is far less affected by changes 
of body temperature, or at any rate by a fall of — than that 
of most vascular tracts. | 


Circulation time between crural artery and crural vein. 


The average circulation time from the jugular to the right crural vein 
jn the set of five observations, beginning at 2°2 (Experiment 4), is 
4, 

Dedueting from this the average time to the crural artery in the 
second set, viz. 5°4”, we get 3” as the circulation time from crural artery 
to crural vein. If we take the mean between the first average circulation 
time to the crural artery, 3°8”, and the second 5°4”, we get 46”. 
Deducting this from 8°4”’, we get 3:8” as the circulation time from 
crural artery to crural vein. What precise meaning we must attach to 
the expression “ circulation time from crural artery to crural vein” will 
be better discussed in another paper, where the changes produced in this 
time by section and stimulation of nerves are described. It is enough 
to say here that the circulation time of a region containing systemic 
capillaries is generally more variable than that of a region containing 
pulmonary capillaries, although great variations can be caused in the 
latter by experimental means. Since 84” must be less than the total 
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circulation time by way of the leg, it is plain that the blood com- 
pletes the lesser circulation in less than a third of the time 


required to complete the whole circulation by this long | 


path. 


Taking account of the time requized by the blood to pass from the ~° 


position of the electrodes on the crural vein to the right side of the 
heart, or about 2”, we get 10°4” as the total circulation time by this 


long route. The ratio of. the (uncorrected) pulmonary circulation time 
- to this is 1: 3'7, and its ratio to the systemic part alone (7°6”) is 1:2°7. 


If the small correction for the distance of the electrodes on the carotid 
from the left ventricle (about ‘2” in this case) is applied, these ratios 
become 1:4 and 1:3 respectively. To get the time spent in the lungs 


alone we must further take account of the stay of the salt in the heart. 


The longest time it could remain in one side of the heart would be a 
complete cycle; and this would happen when the salt arrived just at 
the end of the auricular systole. If it got in at the very beginning 


of the auricular systole, it would remain in the heart at most 4 and 


might remain only } of a cycle. On the average of a number of obser- 
vations.we may assume that the mean time spent in each side of the 


heart would be not far from 4 of a cycle, or in a rabbit with a pulse 


rate of 200 per min. “15”. Deducting the double of this from 2°6”, we 
get, say, 2°3” as the nett.circulation time for the lungs alone. 


Without entering into a formal analysis of results sufficient to prove 


the statetnent, and indeed with the express reservation that it is only 
to be taken as approximate, we may say that in general the time of 
the pulmonary circulation is not far from a fourth of the mean 


systemic circulation time, nor far from a fifth of the mean 


time required by the whole of the blood to complete both 
circulations. Here the mean systemic circulation time is defined to 


be the sum of the products of the mean circulation times of all the 


vascular tracts into which the systemic circulation may be divided 
and the average quantity of blood in them, divided by the average 
quantity of blood in the systemic vessels. In symbols, if m,, m,, m,, 
&c. represent the average quantity of blood in the various organs &c., 


exclusive of the lesser circulation, and ¢,, t,, t,, &c. the mean circulation 
times through these organs, then the mean systemic circulation time 


_ mt, +m, + + &e. 
m,+m,+m,+&. 


And it is clear that, if instead of taking absolutely the whole systemic 
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- circulation into account, we consider a sufficient number of re- 


presentative organs, we can equally arrive at a knowledge of the 
mean systemic circulation time. 


It may be added, although it is anticipating : a little the results of 


_ the following sections, that the kidneys, portal system, and distal por- 
_ tions of the limbs are among the systemic paths which have’ the 


longest circulation time. The shortest systemic circulation time ob- 
served (through the muscles of the neck) is generally about equal to 


that of the lesser circulation; perhaps the coronary circulation time 


may be still less. 

The evidence for these statements is contained partly in the experi- 
ments on rabbits quoted in this paper, partly in observations on dogs 
and rabbits given in the accompanying paper on “The Time of the 
Lesser Circulation,” and partly on experiments not yet published. 
It is unnecessary to point out that the quantities dealt with are not 
constants. 

In one or two experiments some sbnotmally short systemic circula- 
tion times were observed. The circulation time from one jugular 
to the other, for instance, in Experiment 3, for a set of three readings, 
is only 3:15”. Deducting the pulmonary circulation time, this would 
leave only 0°7” as the time required for some of the solution to find its 
way from carotid to jugular. This, however, is so exceptionally short 
that one hesitates to accept it, although I do not know of any weak 
point in the experiment, except that it was one of the first,-and there- 


fore presumably more liable to error than the later work. What may © 


be considered a normal value is‘that of Experiment 4. Here, for a first 


- get of five readings, the average time from jugular to jugular is 5-1”. 


Taking away the pulmonary circulation time, 28”, we get 2°3” as the 
time from carotid to jugular. 

In Experiment 3 the cooling was less than in Experiment 4 and 
this might partly account for the smaller circulation time. 

The fact noted in Experiment 3, that the bladder contained a large 
quantity of urine, was pretty often seen in the course of this research 
and was on the whole more striking than any abnormal collection of 
liquid in the serous cavities. No doubt the injection of the salt had 


a diuretic effect. In many cases, however, the bladder was not found 


more than normally istended, and in some experiments in which it 
was emptied at the begi nning no considerable quantity of urine was 
found in it at the end. But in a good many instances the bladder was — 


more than once evacuated involuntarily in the course of the experiment, 
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and .the aggregate quantity of urine passed in some of these cases was 
very large. The note as. to the normal appearance of the internal — 
_ organs is characteristic. Often after an experiment lasting 5 or 6. 
hours, in which 50 injections or more had been made, the animal was 
in good condition at:the end, and the post-mortem examination revealed 
scarcely any mark of damage. The blood always clotted normally. 


The circulation time of the kidney. 


« The renal vessels are very suitable for the determination, as they are 
comparatively long, are unbranched, and can be isolated with great ease, 
while the renal vein is of large calibre. The left kidney is better than — 
the right owing to the greater length of its vessels. The operation I 
found best was an incision in the linea alba for about # of its length, 

- beginning at the xiphoid. The intestines are drawn over to the side, 
and kept in position by blunt hooks guarded by sponges. The renal 
artery and vein are readily isolated with a curved needle, and a piece of 

_ sheet indiarubber is slipped under them, or under one of them, in the 
usual way. The kidney may be left in situ. In some cases, however, 
_ better insulation is got by gently separating the kidney from the sur- 
rounding connective tissue, and laying it also on a piece of sheet india- 
rubber or on a plate of glass or in a watchglass, or by ligaturing a piece 
of the connective tissue at each end of the organ, and gently ewinging 
the kidney clear of the other tissues by the threads. 

A point of great importance in preserving the normal relations 
of the circulation in the kidney is to keep the temperature normal, or at 
least to prevent it from falling much. In no organ which I have 
worked with does cold seem to — a greater effect on the circula- 
tion time. 

In Experiment 5 the average siaeitias time from jugular to sight 

renal artery is 5” in the first set of three observations, 4” in the second 
set of four observations, and 3°85” in the third set of three observations. 
The first set being the very beginning of the work on the kidney, was 
more or less a “trial” set, and is probably not worthy of equal confidence 
with the second and third sets. If we take, therefore, the average of 
the mean values of the two last sets, we get 8°9” as the average circu- _ 
lation time from jugular to right renal artery. Omitting for the same 
reason the first isolated observation on the vein, we have for the five 

following readings a mean of 11°9”. The circulation time from the 
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position of the electrodes on the renal artery to their position on the 
renal vein, i.e. practically op circulation time in the kidney, is in this 


case 8" 
Exrerment 5. Rabbit, 2500 grams. 
Maximum 
Time | Vascular tract “ireullation | Maximum Notes 
12,20 chloral hydrate in rectum, : 
‘5 gram more before o «gM 
Abdominal cavity opened by an in- 
cision parallel to vertebral “column 
on right side, reaching from the ti 
of the last rib to the neighbourh 
of the iliac crest. Right renal ar- 
tery and vein isolated. Cannula in 
left jugular. 
Left jug. veinto right | 5°35’ 2-5 °/, NaCl used for injection. 
renal artery 
1,45 mS 52 Box 900. Bridge ratio 100 : 1000. 
4°5 
Left jugular to right | 10°8 
to right 39 Kidn insulated 
t j ey entirel 
artery rounding tissues 
ee + Kidney insulated by means of glass 
4: feels rather cold. 
Left jugular to right |12°7. Box 1000. 
| 11°5 
11-45 9| | 
ee 11°6 1 c.c. 5 °/, NaCl here used. 
12°05 90 Vein electrodes. Box 
| again. 
Left jugular to right| 
artery 
8.39 Left jugular 
36 
4.1 39 
4: 
10 3°9. 
5.5 Rectum 31°5°, 


P.M. Bladder 30 cc. urine. Length of inferior vena cava from heart to 
diaphragm 2°5 c.m.; from diaphragm to upper border of liver 1 c.m. 
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_ Experiment 6. Rabbit, 2500 grams, At 12.20 1:2 gram chloral 

hydrate in rectum. Abdominal cavity opened in linea alba from xiphoid 

nearly to pubis. This is a bptter operation for — kidney than the 
operation of Experiment 5, 

| Cannula in left jugular. Right carotid artery and left renal artery and 

exposed. 


Time | Vascular tract | ireulation | Maximum Notes 
2.15 Left jugular to right 2-7" 

27 3-05 2°85 

"29 2°5 

31 

2.47 | Left jugular to left | 3-4 \ 910 | Kidney insulated by indiarubber, 
48 3-5 3°45 | | 

"50 8°45 

2.53 | Left j to left | 13° 100 | 

renal vein : 

65 } 13°45 

‘57 
3, 13 35 Kidney very cold. 


We see therefore that the kidney has a long circulation time. 
In fact it is longer than that of any other organ which I 
have investigated; and the blood may take nearly as long to 
pass through the kidney as to pass round the whole circula- 
tion by the leg. No doubt the explanation of this, for the part of the 
blood going through the glomeruli, is the great vascular resistance pre- 
sented by the double set of capillaries. The blood which passes through 


the medulla, although it has only one capillary plexus in front. of it, 


must also have an unusually difficult path through the long and narrow 
vasa recta. 
If we compare the circulation time from jugular to carotid (Experi- 


ment 5) with that from jugular to right renal artery, we find that the — 


former averages 3°9”, which is precisely the average we have brought 
out for the latter. We should expect, therefore, on the assumption that 
the velocity is uniform right up to the electrodes in each case, to find 
that the position of the electrodes on the renal artery is about the same 
distance from the origin of the aorta as that of the electrodes on the 
carotid. And as a matter of fact this is not far from being the case, the 
electrodes on the right renal artery being only 2 cm. farther from the 
heart than those on the carotid. In reality, however, this agreement is 
PH. XV, 2 
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not so close as it seems, and is partly accidental, for in Experiment 6 


_ there is a difference of 0°6” between the average circulation time to 


carotid and to left renal, although the difference in length of the path is 


only 4 cm. 


In Experiment 6, with a rabbit of the same size as that of Experi- 


ment 5, the average circulation time from jugular to left renal artery is © — 


3:45”, which is less than that to right renal artery in Experiment 5, 
although the distance is 1°5 cm. or 2 cm. more. The mean of a series 
of five readings of pulmonary circulation time is 2°85”. 

The average of four readings of the circulation time from 


_ jugular to left renal vein is 13:45”, which gives a renal circulation 


time of 10”, as compared with 8” in Experiment 5; and this although 
the blood roaches the renal artery 0°45” sooner in Rcvasiniont 6. The 
delay takes place, therefore, in the kidney itself; and the circulation 
time is doubtless lengthened by the low temperature of the organ. 

In a series of observations at the end of Experiment 8 (p. 21), the 
influence of temperature is very well brought out, and it is there shewn 
how greatly the circulation time in the kidney may be increased by 
cold and diminished by heat. And although it is possible, for the 
reason mentioned in the note to the readings with heated kidney in — 
that experiment, that these readings are not absolutely trustworthy, and 
that they may give too short a circulation time with the high tempera- 
ture and so exaggerate the difference between this and the circulation 
time with low temperature, the difference is far too great to be entirely 
explained away. 


The Circulation Time in the Inver. 


It is difficult, and I think impossible, to place the ingoing and 
outgoing vessels of this organ on insulated electrodes. The method 
adopted for measuring the circulation time was therefore indirect. 

It is plain that if we know the circulation time from the entrance 
of the portal vein, say, to the carotid, and ean calculate or measure that 
from the exit of the hepatic veins to the same point on the carotid, we 
have only to do a sum in subtraction in order to arrive at the time of 
the portal circulation in the liver. Direct measurement, however, of — 
the circulation time from hepatic veins to carotid would be only less 
difficult than direct measurement of the portal hepatic circulation time 
itself; and it could not even be attempted without opening the chest. 
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But a calculation of the time from hepatic veins to carotid, can be made 
with fair accuracy if we observe the (uncorrected) pulmonary circulation 
time, say from the jugular to carotid. And this was done in Ex- 


periment 8. A still better plan is to choose a second route involving. 
the lesser circulation and the inferior vena cava from the liver onwards — 


to the heart, but not including the liver, and to compare the circulation 
time along this route with the circulation time along the route which 
includes the liver. This plan was adopted in Experiments 7 and 9. 


ExpertMent 7. Rabbit, 2010 grams. Stomach filled with food. 1:4 
gram chloral hydrate in rectum. Abdomen opened in linea alba from 
xiphoid cartilage nearly to pubis. Cannulae put into superior mesenteric 
vein and left renal vein. The two cannulae connected by a T tube with the 


injecting apparatus, so that salt solution could be injected into either at will. 
Right carotid artery exposed. aes 
Time ‘Vascular tract Notes 
Superior mesenteric 22:1 Liver and intestines very cold; 
vein to right carotid a began now to warm them. 
99 
” 9°3 82 Temperature 
3.31 82 100 | rising. 
33 Rectum 38°75° 
3.35 | Left renal vein to| 2°8 
righ 2°65 
2°5 
3.43 | Su 
n to carotid 
93596 |. Temperature 
10°8 85 Rectum 37°23° 
4.2 11° Rectum 36°7° 
12 as 9°9? Some polarisation, and not easy 
| = to get good reading. 
.16 Rectum 36°. 


P.M. Distance from point of cannula in superior mesenteric vein to 
entrance of vena portae into liver, 2 cm. 

From cannula in left renal vein to inferior cava, 5 mm. 

From junction of left renal vein with inferior cava to point where latter 


is connected with liver, 2°3 cm. and from this point along inferior cava to. 


diaphragm, about position where hepatic veins open into it, 3 cm. 
Inferior cava from diaphragm to heart 2-5 om. 
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Expermment 8. Rabbit, 2010 grams. 
hydrate in rectum ; at 11.45, ‘5 gram; at 12.30, 5 gram. Abdomen opened 
by incision in linea alba for one third of its length, beginning at the xiphoid 
cartilage. A loop of small intestine drawn out, and cannula put into a small 
vein in mesentery. Another cannula in posterior facial branch of - 


At 11.30 a.m. 1 gram chloral 


jugular. : 4 
Time Vascular tract time | reading deflection Notes 
1,35 2°3 Except when otherwise 
‘ vein to right ca- tioned, 2¢.c. of 2°5°/, Nach 
exp. altho ¢.c. was en 
Zo “1'2°8 420—788 368 to give a good deflection. 
1,40 | Intestinal vein to} 5°7 630— 874 244 | as 
right carotid 
i 7 6°4 638—882 244 This reading of circulation time 
- is a little too long. 
1,48 
1,49 | Left post. facial! 160-502 | 3842 | Circulation times littletoolong. 
vein to right ca- Rect. 37:5°. Changed zine of 
rotid : cell, and image is now steadier. 
2°55* 278—708 425 
Intestinal vein to} 3°4 (1st) There is a p slow 
right carotid Somes movement of small extent fol- 
) lowed by a much larger and 
sharper deflection, The time 
here given is to the beginning 
0 (Ist the first movement. 
421-643— | o preliminary movement. Un- 
547-565—origi-| 222 tena) of had been 
nal 18 (8rd)| removed istening artery 
> on electrodes just before this | 
observation. 
1,8 ” 6°55* 466—711 245 Nop li 'y movement Rec- 
tum 38°. 
4 (ist) 218—240 82 (1st) | 1 ¢.c. 2°5%/, NaCl. 
75 (2nd) 125 (and) 9 
4°4 (1st) 60-70-241— | 10 lc.c. 2°5°, NaCl. The first 
~origi- 0 
wea movement, as it is sharply . 
| Ist 2nd separated off from it. 
6-95 (2nd) | 96-100-874~ | 10 (1st 
2.15 , (2nd | 
986-297-200 | 27 (8rd) 
2nd 
2-85 (1st) | 420-578- | 158 (2nd 
2.48 (1st) ord 
463-474 
* Observations which for any reason, such as superior steadiness of the image, appear 
specially good are marked with an asterisk, 


4 
its 
. 
q 
a 
4 
“Sq 
? 
iq 


TIME OF CIRCULATION. 


Galvanometer | Maximum 


Notes 


5.2 


ng tubes were still 
o NaCl sol. which 
back 


IT is a second small movement. 


Rectum 37:05°. 


not easy to be quite sure of 
these two readings. 


In Experiment 8 the intestines and liver were not at all cooled, as only a 
small loop of intestine was taken out of the wound in the linea alba, and 
after the cannula was inserted into the intestinal vein the whole was pushed 
back and the wound closed. The circulation in the left external jugular vein 
was very little disturbed. 

P.M. veln ia 6 the 


8rd a 

2,53 | Intestinal vein to| 24-1 (8rd) | 458-464 | 11 (8rd) ’ 
57. 23-1 (3rd) 10 4 
2.59 | Left post. facial | 2-7 ( 328888 The 
vein to right ca- filled with 

rotid had been 4 

drawn by filling th 
wn 

i syringe with the cock open. 4 

3°05 (1) 220-420-— | 200 (1) | 

238-244— 6 4 

ir 

I 

18-95 (1) | 146-158 | 121) 

I 

3.5 - 2°85 (I) 372-694 | 222 (I) q 
3.7 19-2 (II) 
3.12 | Intestinal vein to| 6:4 (2nd) | 451—592 | 141 (2nd) 
right carotid 

8.14 22-45 (8rd) 
62 (2nd) 
8.19 22-3 (3rd) 9 (3rd) 
3.21 Rectum 36°6°. Now enlarged 3 
wound in linea alba slightly — 

et and isolated left renal vessels. q 

4 | Left post. facial | 11°5 4 
vein to left renal 

vein 

Mids 

15°5 Rectum 87°2°. 3 

+ 169 | > Kidney swung by threads to 4 

: 3 insulate it from surrounding 4 

tissues, 

18°1 Kidney very cold. q 

bs 

57 

13°95 Hi Kidney again cooled. q 
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of that vein with the superior mesenteric vein; from this junction te the 
liver along the latter vein is a distance of 3 c.m. ) 

The superior mesenteric vein is full of blood and salt solution, portal vein 
not much distended, Liver red and full of blood. Intestines warm and 
filled with blood. Left kidney normal ; no congestion. 


¢ Expermment9. Rabbit, 2020 grams. 1 gram chloral hydrate in rectum 

then ‘5 gram more ; then, as still not completely narcotised, ‘5 gram mo 

Incision in linea alba for rather more than half its length, beginning at 
xiphoid cartilage. Cannula put into left renal vein, and another in a 
moderately sized vein coming from the transverse colon. Call this the intestinal 
vein. Right carotid artery exposed. Animal kept very warm during 
whole operation ; intestines all put back into abdominal cavity, and wound ~ 
in linea alba closed by sutures and a clamp, only the two cannulae being 


Time Vascular tract Notes 
2°8 | Left renal vein to 2” 0-2” had to be added to all readings 
right: carotid | in this experiment for error of null 
of chronometer. The cor- 
.10 si 1°95 rected readings are given. 
2.20 yrs yee vein to 3°35 Some polarisation. Rectum 39-0°. 
266 371 than the last. 
: | reat rapid. 
2.25 | Left renal vein to 15 a) Rectum 89°15°, 
right carotid | 
2.33 ‘aaa 2°65 202 Rectum 89-5°, Fresh electrodes now 
t carotid put on. 
2.54 2°6 Rectum 38°8°. 
3.8 Left renal vein to 2-1 87°9° 
right carotid | 
1°65 332 
1°65 B34 
Intestinal vein to 2-7 240 In all observations from intestinal 
right carotid vein to carotid there were two de- 
‘a 3°2 142 flections, the first small, the second 
t to 0 t deflection ; 
but the galvanometer reading in- 
cludes the second. 
- of the middle-sized arteries in 
mesentery was now carefully 
isolated from its accom g vein 
and put on the it 
the intestinal 
Left renal vein to 2°3 The, intestinal artery was one of 3 
intestinal artery the — sized arteries of the — 
: } 201 mesen 
8°6 1c.c. 5%), N injected. 
” 2°4 
” 2°4 
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Time | Vascular tract | "Time" | deflection Notes 
4.2 | Left renal veinto| 205 Rectum 34°5°. 
23 
4.6 | Intestinal vein to| 4:3 Intestines now pretty cold. 
rt. carotid artery 
¥ 3°3 228 Better observation than the last. 
4.15 | Left renal vein to | 11-2 A very vascular strip of omentum 
| omental vessels ; was now laid on the electrodes after 
pe 123 separating as much of the conpec- 
tive tissue as possible from the ves- 
” 2 Greatly exposed, cooled rapidly. 
4.43 | Left renal vein to; 112 Rectum 82°35°. 
45 52 
Intestinal vein to 6°65 
rt. carotid artery ‘4 
| ow to again. 
5.10 | Intestinal vein to | 4°9 (Ist) Rectum 32°3°. 
rt. carotid artery 
49 (1st) | 
5.37 4°5 »» 344°, 
5.38 4°5 


allowed to project. These were connected as in Experiment 8 with the 
injecting apparatus. 

Two movements of the image were seen in all the observations in 
which salt solution was injected into the intestinal vein, and the numbers 
given under the heading “ Circulation Time” in this experiment refer to the 
commencement of the first movement. The first movement was small com- 
pared with the second; it was also slower and had sometimes begun to 
slacken, and even nearly to stop, before the second took place. 

Rabbit quite warm and in good condition at 6 o’clock, when it was killed. 

P.M. The intestinal vein in which the cannula was inserted was traced 
to the superior mesenteric vein, the Gistance from the point of the cannula to 
that vein being 2°5—3 cm. 


In order to carry out this second idea a cannula was put into a 
tributary of the portal vein (superior mesenteric vein, or one of the veins- 
of the stomach, or one of the middle-sized intestinal veins of the 
mesentery). Another cannula was put into the left renal vein, and the 
two were connected by a second T tube with the injecting apparatus, so 
that salt solution could be injected at will into either cannula. The 
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path from the mouth of the left renal vein round to the carotid differs 
but little from the path between the superior mesenteric vein and the 
carotid, except that the liver is placed upon the latter route. 
‘The two paths, so far as they consist of large vessels, may be measured 
and a correction applied, but it will be small; and the difference of the 
uncorrected circulation time by the two routes will be practically the 
time of the portal circulation in the liver. _ 

In Experiment 7 the mean value of a set of three ohesteslions from 
renal vein to carotid is 2°65”; that of a set of four trustworthy readings 
from superior mesenteric to carotid, 9°6”. The (uncorrected) portal 
circulation time in the liver is therefore 6:95”. The greatest correction 
which, on any assumption as to the treatment of the difference in the 
length of that part of the two paths which is made up of large vessels, 
would have to be applied to this could not exceed 0°3” or 035"; ; and 
this would have to be added to the 6°95”. 

In the first series of readings from superior mesenteric to carotid 
the effect of temperature is — well marked, and in the same 
. direction as in the kidney. 

The superior mesenteric is such a large vein that slosing i it must — 
necessarily disturb more or less the circulation in the intestines and in 
the liver itaelf. I therefore attempted to put the cannula into the splenic 
vein, and again into one of the large veins of the stomach; but after 
several trials it was found best to use one of the middle-sized intestinal 
veins, which are very easily got at through a small wound in the 
abdomen. This had besides the great advantage of avoiding the cooling 
and exposure of the internal organs. In Experiment 8, instead of the 
renal vein the posterior facial branch of the external jugular was used 
for the second cannula. The average pulmonary circulation time for 
the first set of three observations is 2°6”; for the first five observations, 

The average of three readings of the time from the intestinal vein 
to the carotid is 6'4”. The (uncorrected) portal hepatic circulation time 
is therefore only 3:8” as compared with 695” in Experiment 7 for a 
rabbit. of the same size. The difference may be partly due to the 
smaller disturbance of the abdominal contents, and the avoidance of 
cooling, which the operation used in this experiment made possible. 
Perhaps too in Experiment 7 the closure of the superior mesenteric 
vein shewed the portal blood stream. 

_ The further seven observations in Experiment 8 marked (2nd) give 
an average of 6°75’ for the circulation time from the intestinal vein to 
carotid, and the three pulmonary readings marked (I) an average of 
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“986” which again gives for the peusieaneds circulation time of the 
liver the value 3°9”. 

In the observations marked (1st) or (2nd) two deflections were 
caused by injection of the salt solution into the intestinal vein, a small 
one (Ist) followed by a deflection of much greater size (2nd). The 
second was so sharply marked off from the first that there was no 
difficulty in fixing the moment when it started.. There can be no doubt, 
froin the remarkable agreement of the figures, that this second move- 
ment in the observations where two movements could be distinguished, 
represented the single movement where one only was present, as at the 
_ beginning of the experiment; and the circulation time reckoned up to 
its commencement is evidently that of the path by which the great 
bulk of the blood must pass from the portal vein to the carotid, i.e. 
through the capillaries of the liver. The first small deflection suggests 
that a short cut for a portion of the blood may normally exist, or under 
certain conditions become abnormally developed, between the portal 
area and the inferior cava, by which the comparatively tedious circu- 
lation of the liver is avoided. In man we know that, in addition to the 
anastomoses between the rootlets of the portal system and the systemic 
veins in the hemorrhoidal plexus and at other points, a direct com- 
munication exists between certain superficial branches of the portal in 
the liver and the phrenic veins. 

If there was such an anastomosis here, it must have been far tiene 
free, since the first movement was so small. It is possible that 
repeated injection of the salt solution into the small intestinal vein 
might open up communications only potentially present at the beginning 
of the Experiment; for at first the only deflection seen was that corre- 
sponding to the (2nd) of the later observations. ae 

The average circulation time of four readings up to the Ist move- 
ment is 3°95”. Deducting from this the average pulmonary circulation 
time taken about the same stage of the experiment, viz. 2°85”, we get 
1:1” as the (uncorrected) circulation time for this supposed short cut. 

In the pulmonary observations no such breaking up of the deflection 
was ever seen, from which the deduction seems obvious that it could 
not have been accidental in the case of the portal circulation, but must 
have had its ground in some circumstance peculiar to the latter. This 
is confirmed by the fact that in Experiment 9 in the portal observations 
the deflection was also broken up into two. | 

In some of the pulmonary observations of Experiment 8 a phenom- | 
enon which seems superficially allied‘to the above is noted, that is to 
small. second deflection (II) following, after a long and fairly 
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constant interval, the first large deflection (1) | But the second deflec- 
tion here represents, in all probability, the arrival. of salt which has 
completed the systemic circulation, and passes a second time through 
the lungs. Its small amount shews how rapidly the alteration produced 
by injection of the salt fades out in the systemic capillaries. 

Of course a second deflection several times larger than the first 
could not possibly be an echo of the first, and therefore the second 
deflection of the portal observations cannot be explained in this way. 
But such an echo, in the shape of a third feeble deflection [marked 
(3rd) in the record] was also detected here. The average of four 
readings gives 23” as the time from the beginning of injection to the 
beginning of this third movement. If we deduct from this 6°75”, the 
average circulation time for the second movement, we get 16°25”. 

Now the average time for the second movement (II) of the 
pulmonary readings is 19°05”. Deducting from this the average for 
the first movement of the pulmonary observations 2°85”, we get 16°20”. 
The agreement is exceedingly striking; and the meaning of it can only 
be this. The blood which reaches the electrodes on the carotid from 
the posterior facial vein in 2°85” from the beginning of injection of the 
salt solution, gets back by some route or other to the same point of the 
carotid in 16:2”. The blood which reaches the carotid in 6°75” from 
the intestinal vein passes now by the same route and in practically the 
same time as the blood which reached the artery from the posterior 
facial. If then, 2°85” is a true measure of the time required in the 
first circuit, as there is no doubt it is, 6°75” must truly represent the 
time taken by the bulk of the blood to pass from the intestinal vein to 
the carotid. 

Resuming the sianidesitlion of our ocend of results, let us now turn 
to Experiment 9. 

Here the circulation time tom the left renal vein to the carotid 
was compared with that from an intestinal vein to the carotid. Two 
_ deflections were again seen in the portal observations; and this time 
note was generally taken only of the beginning of the first, which was 
much the smaller of the two. 

- The first two readings from renal to carotid are practically. the © 
same, (say) 2”. The first set of two from intestinal vein to carotid give 
“an average of 3”, which leaves 1” for the (uncorrected) circulation — 
time of the supposed short circuit. This agrees very well with Experi- 
ment 8. 

The next two sets give respectively 1°6” for renal to carotid, and — 
2:65” from intestinal vein to carotid, a difference of 1:05”. The next 
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two sets give respectively 1:8” from renal to carotid, and 2°75” from 
intestinal vein to carotid, a difference of 0°95”; again a very close 
agreement. | 

Circulation Time from left renal vein to one of the middle-sized 
 arterves of the mesentery. 


The average of four readings is 2°65”, while the circulation time | 


from renal vein to carotid, at the same stage of the Experiment, is 
2°15". 
The remainder of the Experiment shews again the influence of fall 


of temperature and exposure to the air on the circulation time in most — 


of the internal organs. 3 

E.g. the circulation time from renal vein to some of the 
omental vessels, after great exposure, averaged 12:05” ; while 
that of the supposed short circuit from intestinal vein to carotid rose to 
49”. On heating, it again fell somewhat. But now the circulation 
time from renal vein to carotid was also markedly lengthened. 


Injection of the salt solution into an artery. 


When a vein is used for injection, the salt must of course pass 
through the lungs before reaching the capillaries of any other organ. 
Now it is not always easy, in making observations where the salt has to 
pass through two sets of capillaries before reaching the electrodes, to 
obtain a deflection sufficiently prompt and large, to make the readings 
trustworthy. And, although in general this difficulty can be overcome 
by suitably choosing the quantity or strength of the salt solution, I 
thought it well to try injection into an artery—one of the main arteries 
of an organ supplied by several ; or a branch, where the arterial supply 
is single; or, what is equally good 3 in a small animal, a distant part of 
the arterial system. 

I quote Experiment 10 (p. 28) as an illustration of this method. In 
measurements of the circulation time through the organs of large 
animals it is almost indispensable to inject into an artery; and no error 
will be caused by increase of pressure due to the injection itself. But 
in small animals only a very small quantity of solution must be thrown 

into an artery opening directly into the main vessel of the organ; 
otherwise the pressure is at once raised and the solution forced through 
the capillaries at a much quicker rate than that of the blood. 

I have in view, and have partly carried out, a systematic series of 
measurements, under various conditions, of the circulation time in all 
the more important organs to which the electrical method can be applied, 
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with the object of deducing probable values for the organs of the human 
body. This task can only be accomplished when a sufficient number of 


‘Expertmunt 10. Rabbit, 2500 grams. 1-2 grams chloral hydrate in 
rectum. Cannula in peripheral end of right common carotid. 


Circulation | Maximum 


Time Vascular tract time deflection |. : Notes 
2,50 | Right carotid to 6-9” 7 1 ¢.0. 2°5°/, NaCl injected. Rh. 250, 
left carotid except w otherwise noted. 
3.22 54 
.23 7°2* 88 
7 45 Bh. ( 
3.40 to 2 500 le.c. 5°/, NaCl. 
42 2°25 le.c. 5°/, NaCl. Box 1500. 
3.52 | Right carotid to 79 49 Box 1200. Rectum 34:8°. 
left. carotid 


3.57 | Right carotid to 1°9 Box 1500. 
: — now put into left jugular 


3 


4,22 to left 4°4 


46 Rectum 33°1°. 


31 49 


observations have been made to disclose the relations between the 
circulation time of the organs and the body-weight or pulse rate of 
animals like the dog, or possibly the monkey. The results quoted in 
this preliminary paper are given rather as illustrations of the method 
than with the intention of discussing them fully, or drawing from them | 
in detail the conclusions they are capable of yielding. But it may be 
well to illustrate by one or two examples the kind of information which 
such experiments, supplemented by other data; might give. 

When the average quantity of blood contained in an organ is known, 


the quantity passing through it in a given period can be calculated ~ 


from the average circulation time. 

For example, if we take the average quantity of blood in the 
kidneys of a rabbit at 16 p.c. of the whole blood (Ranke), and the 
‘mean renal circulation time at 6°5”, the whole blood would pass through 
the kidneys in about 7 minutes. In a two kilo rabbit this would 
correspond to about 22 kilos per 24 hours. We have the means of 
checking this result by another consideration. 

The excretion of: urea by a rabbit of this weight may be taken as 
3°5 grm. per day. (Voit gives 18 grm. for a 1 kilo rabbit.) 22 kilos 
blood containing ‘025 p.c. urea would carry to the kidney urea to the 
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amount of 5°5 grm. If 3:5 grm. were separated there, the blood of the 
renal vein would still contain nearly ‘01 p.c. of urea. So that the esti- 
mated blood flow would be sufficient without being excessive. 


Knowing the mean circulation time through the lungs and the 


average quantity of blood in them, we can calculate the amount of blood 
passing through them per hour. In the rabbit Ranke found 22 p.c. of 
the blood in the heart, lungs and great vessels, which could not leave 
much less than } of the blood for the lungs alone. 

Suppose then that ; to } of the total blood of a 2 kilo rabbit is 
contained in its lungs. This passes through in say 2:1”, which cor- 
responds to 34 kilos per hour. 

Heger’ states that the lungs of a rabbit, when the vessels are 
ligatured during life, and without opening the pleural cavity, coniain 
only 7, to +, of the total blood during inspiration and , to 4, during 
expiration. Without questioning the validity of his conclusion as to 
the relative capacity of the pulmonary vessels in the two respiratory 
phases, which indeed my own observations on the circulation time 
corroborate, I think it necessary to say that his absolute quantities 
seem much too small. If on the average during the whole of respiration 
the lungs contain only say 7, of the total blood, then with a pulmonary 
circulation time of 2°1” the whole blood will only pass twice in a 
minute through the lungs, and the sheep total circulation time will 
be about 30”, which is far too long. 


In fact the average quantity of blood in the lesser and systemic 


circulations must be directly proportional to their mean circulation 
times. If the ratio between the amount of blood in the lungs and the 
mean systemic vessels be 1 : 13, and the mean systemic circulation time 
sbe taken at 8” (for the 2 kilo rabbit of course), the pulmonary cir- 
culation time can only be ,”._ Now I do not think I have ever found 
the latter so small as twice this figure; and it is easier to measure the 
(uncorrected) pulmonary circulation time with — than that of 
almost any other vascular tract. 


The capacity of the pulmonary circulation in an peciens man, so far | 


as is known, agrees with the larger estimate for the rabbit better than 
with Heger’s results. It has been estimated from the extent of the 
capillary surface at 1 litre; and the lungs may therefore contain some- 
thing like a fifth of the total blood. Or if we take the weight of the 
~ two lungs with all their blood at 1400 grm., and assuine that the blood 
forms 63 p.c. of the whole weight, as Ranke found for the heart, lungs 


1 Rech. sur la circulation du sang dans les poumons, 1880; Heger and Spehl, Arch. d, 
Biologie, 1. p. 158, &e. 
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and great vessels of the rabbit, we get approximately 900 grm. blood in 
the pulmonary circulation, or something between } and } of the total 
blood. 

Taking the mean total deciledide time of a 2 kilo rabbit at 10- 5” ‘ 
we get 342 as the number of times the whole blood passes through the 
lungs in an hour. A 2 kilo rabbit contains 4 kilo blood (Ranke). 
Therefore 38 kilos of blood pass through the lungs per hour. Nowa 
2 kilo rabbit consumes 1350 c.c. oxygen per hour (Finkler and 
Ortmann); and this would be supplied if the blood in passing through 
the lungs took up 3°6 volumes of oxygen p.c. If we adopt the common 
statement that the blood takes up 8—9 volumes p.c. of oxygen in the 
lungs we must make the mean total circulation time in a rabbit of. 2 Filos 
weight 23” to 26”, which is out of the question. 

If the same ratio between the circulation time by the shortest path 
(jugular to jugular) and the mean total circulation time which holds for 
rabbits and small dogs be assumed to hold for large animals, the mean 
total circulation time in an average man (on Vierordt and Hering’s 
assumption that the circulation from jugular to jugular is accomplished 
in 27 heart beats) will be, in round numbers, 50”. Taking the quantity 
of blood at 5 litres and the pulse rate at 72 per min., we get 83 c.c. as 
the output of the ventricle, and 360 litres as the amount of blood 
passing through the lungs per hour. Without attaching any great 
weight to this calculation, the data of which are obviously open to error, 
it is perhaps worth while to point out that the result agrees rather with 
the moderate estimates arrived at by several recent investigators than 
with the undoubtedly excessive numbers of Vierordt. 

The circulation time through a loop of intestine, when vooling is 
prevented, is probably not more than that of the lungs, and not more 
than } of the circulation time through the liver. Since the blood from 
the intestines and stomach forms by far the greater part of that passing 
through the liver, it follows that at any given time the liver must 
contain, speaking roughly, three times as much blood as the gastro- 
intestinal tract. Now Ranke found in the dead rabbit about four 
times as much blood in the liver as in the intestines; and the 
agreement is sufficiently close to illustrate the inverse relation which 
must exist between the circulation time and the capacity of any r of 
a vascular tract in which there is a steady flow. 


The above paper is based on experiments carried out by the author as 
George Henry Lewes Student. The expenses were partly met by a grant 
- from the Royal Society. The paper was sent in as part of a Thesis for the 

: Goodsir Memorial Prize in the University of Edinburgh, ar 30, 1892, 
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RESEARCHES ON THE CIRCULATION TIME IN 
ORGANS AND. ON THE INFLUENCES WHICH 
AFFECT IT. By G. N. STEWART, MA., DSc. M.D. 
Plate I. 


(From the Physiological Laboratories at Cambridge and Strasburg.) 4 
II. The Time of the Lesser Circulation. | q 


PERHAPS there is no vageular tract which can be better investigated by 
the electrical method of measuring the circulation time than the lesser 
circulation, in the case of such problems as the method is capable of 
solving. For it is not necessary to open the chest, and of course this is 
a great advantage in dealing with the lungs. Further, the electrodes 
are placed on an artery, so that it is easy to avoid compression of the 
vessel and interference with the flow. Again, the circulation time 
through all parts of the lungs seems to be practically the same, so that 4 
the deflection is exceedingly prompt. a 

A cannula is put into the external jugular low down in the neck, 
the electrodes are placed on the carotid of the same, or better of the 
opposite side ; and the lesser circulation, with very little else, is included 
between the cannula and the electrodes, 

In most of the experiments of this paper the animal was under 
curara, and the respiration was artificial. The circulation time had been 
previously determined in many rabbits under chloral and other anaes- 
thetics. The preliminary operation was done under an anaesthetic, 
before the curara was given; in a few experiments urethan, which is 
said to possess all the good qualities of chloral without its effect on the 
blood pressure, was used throughout. 


Srotion I. 


The first problem taken up was an old one, but still a problem 
which has not received a definite and unquestioned solution, viz. 


The influence of the Expansion and Collapse of the Lungs 
on the pulmonary circulation. 
This question. has generally been treated in connection with the 
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respiratory waves in the systemic blood-pressure curve, the cause of 
which has long been a classical subject of discussion. __ 

I intend to consider here only the manner in which the pulmonary 
circulation time varies with the position of the lungs, and the deductions 
which may be made from this as to corresponding variations in their 
vascular resistance, but not the general question of the respiratory 
waves. 

Haller’ injected coloured liquid into the vena cava of an animal 
just killed, and asserted that it passed more rapidly through the inflated 
than through the collapsed lungs. 
~  Poiseuille* found, on the contrary, that more blood flows through 
2 the collapsed than through the inflated lungs in a given time. He 
concluded that the capacity of the pulmonary capillaries was less in 
inflation than in collapse. Inflation was always produced by blowing 
air into the lungs. 

Poiseuille’s results were confirmed by Gréhant’ and others. 

Quincke and Pfeiffer‘ shewed that when the excised lungs are 
expanded by causing a negative pressure, the opposite of Poiseuille’s 
effect is got, that is less blood flows through the collapsed lung in 
a given time than through the expanded lung. 

They point out, however, that in their experiments the pressure 
under which the defibrinated blood flows through the lungs is constant, 
while in the living animal this would not be the case, since the heart. 
and great vessels are also subject to we changes of pressure in the 
thorax. | 

Funke and Latschenberger’ ee and extended the experi- 
ments of Quincke and Pfeiffer, and found an increase in the outflow 
from the lungs during distension, but decrease if the lungs were kept 
distended ; decrease of the outflow while the lungs were collapsing, but 
increase if the lungs were allowed to remain collapsed. Their explana- 
tion is that the capacity of the pulmonary vessels is decreased during 
expansion of the lungs, and therefore more blood is squeezed out ; but, 
the resistance being at the same time increased, as soon as this tem- 
porary increase is over, the outflow is permanently diminished, if the 
lungs are allowed to remain expanded. | 


1 Halleri Elementa physiologiae. Lausanne, 1761, T, m1, p. 246. 
2 Compt. Rend, xu. p. 1072, 1852. 

3 Compt. Rend. 1871, p. 274. 

4 Arch. f. (Anat. u.) Physiol. 1871, 8. 90. 

5 Pfliiger’s Archiv, Bd. xv. p. 405 and xvu. p. 547. 
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Zuntz' criticised Funke and Latschenberger’s experiments 
and conclusions whine while Bowditch and Garland®* supported 
them. 

Kuhn’ from an examination of the alterations of systemic blood 
_ pressure which take place in the different phases of artificial respira- 
tion concluded that they are due only to mechanical changes in the 
lungs, viz. increase of resistance in the pulmonary capillaries in infla- 
tion and decrease of resistance in collapse, for they persist after section 
of the vago-sympathetics. 

When, with thorax and abdomen both opened, the lungs are kept 
inflated, the blood pressure falls more and more, the greater the 
distension is; if the lungs are now kept collapsed, the blood pressure 
rises in proportion to the amount of the previous distension. 

De Ja ger distinguishes the effects of changes of capacity of the 
Partly from experiment and partly by argument he comes to the 
conclusion, that during natural inspiration the capacity becomes larger, 
the resistance less; while during natural expiration the capacity 
becomes smaller, the resistance greater. During artificial respiration 
(by means of a pair of bellows) the capacity in inspiration becomes 
smaller, and the resistance greater, while in expiration the capacity 
becomes larger, and the resistance less. He supposes that a complete 
explanation of the respiratory waves of the blood pressure can be founded 
on these propositions. 

Heger and Speh|* have shewn that when the great vessels of the 
lungs of rabbits are ligatured close to the heart at the height of 
inspiration, the lungs contain more blood than when the ligatures are 
put on in collapse. r 

Talma‘* concludes that in expiration the resistance in the pulmonary 
vessels increases, and in inspiration diminishes; but he ascribes also a 
large share in the production of the respiratory waves to the influence 
upon the systole and diastole of the heart of the changes of intrathoracic 
pressure produced by the respiratory movements. 


1 Pfliiger’s Archiv, Bd. xvu. 

* This Journal, Vol. 1. p. 91, 

3 Over de der slagaderlijke bloedsdrukking. Amsterdam, 
1875, 

4 Pfliiiger’s Archiv, Bd, xx., xxvit., xxx11I. and XXXVI. 

5 Arch. de Biologie, u., 1881, p. 153. 

Phiiger’s Archiv, Bd. xxix. 
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Knoll’ found the lateral pressure in the pulmonary artery of the 
rabbit increased by an increase of the intrapulmonary pressure, and 
diminished by a decrease of that pressure, whether the changes of 
intrapulmonary pressure took place in natural or in artificial respiration, 
during collapse or during inflation of the lungs. 

Fuld* (under Ewald’s guidance), who gives an excellent synopsis 
of previous work, of which I have to some extent availed myself, has 
recently come to the conclusion that the respiratory waves depend upon 
the variations in the inflow of blood to the thorax during respiration, 
and also to some extent on the variations of the capacity of the 
pulmonary vessels, The capacity of the pulmonary vessels depends 
chiefly on the intrapulmonary pressure and not on the volume of the 
lungs. The respiratory waves with opened thorax depend entirely on 

changes of capacity of the vessels - the lungs. 


I come now to my own acoeciniaiate made by measuring the 
pulmonary circulation time. 

The circulation time from jugular to emiald (low in the neck) was 
_ determined first with undisturbed respiration—sometimes natural, but 
in most cases artificial. Then respiration was arrested, as nearly as 
possible at the height of inspiration or expiration, by clipping the side 
tube of the cannula and the tube leading to the respiration apparatus. 
An observation of the circulation time was now taken, either at once or — 
after a measured interval. 

In the quoted Experiments in the column headed “ Respiration ”, 
“Insp.”, “ Exp.” mean respectively that the observation was taken with | 
the lungs distended or collapsed. Where “Insp.”, “Exp.” are not 
followed by a number denoting time, the interval between the stoppage 
of respiration and the injection of the salt solution was as short as 
possible, generally not more than 4 seconds. “Insp. for 20”,” means 
that the injection was not begun till the respiration had been stopped 
_ for 20 seconds in the inspiratory phase. “Exp. for 20”” has a corres- 
ponding meaning. In no case was the respiration begun again till the 
observation of the circulation time had been completed. When the 
column headed “Respiration” is blank opposite an observation, it means 
that respiration was going on undisturbed. This is very often indicated 
-in words. Sometimes the rate of respiration is also given. In the 
artificial respiration, unless a note is made to the contrary, only 

1 Siteungsber. d. Wien. Akad. xcvu. Abth. 3, 1888. 
2 Inaug. Diss. Strasburg, 1889. 
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inflation was used, the lungs being allowed to collapse through their 
own elasticity and that of the chest. 
Most of the experiments were made on rabbits; one or two on dogs. 


Experiments 1, 2, and 8 give fairly typical specimens of the majority 


of the observations made with artificial respiration; and by far the 
‘most striking result brought out in these Experiments is the great 
lengthening of the (uncorrected) pulmonary circulation time 
in expiration as compared with that in inspiration, when the 
observation is taken immediately after the stoppage. 


Omitting the first three readings of Experiment 1 with uninter- 


rupted respiration, as certainly too long owing to the blood not being 
sufficiently oxygenated (and we shall have repeated opportunities. of 
seeing that the pulmonary circulation time is greatly lengthened by 
such a condition—see, e.g., the series of readings from 3.55 to 410 
o'clock in Exp. 2 and Exp. 5), we get as the average of the next set of 
four observations, taken from 4.17 to 4.23 o'clock, 4°45”. The ave 
circulation time in inspiratory standstill for the next two observations 
is 4°25”, and for the next four readings, 3:9”, which latter value is 
something, but not a great deal, less than the last average with un- 
interrupted respiration, and is exactly the same as the average of. the 
second set of three readings with respiration going on, taken from 4.5 
to 5.2 o'clock. 

But the circulation time both in inspiratory standstill and with 
uninterrupted respiration has evidently decreased since the beginning 
of the experiment; and therefore it is better to compare the average 
of this set of three readings with the average of the three immediately 
preceding inspiratory observations, viz, 3”. 

ExperiMENT 1. Rabbit, 2040 grams. 40 mg. curara subcutaneously. 
Artificial respiration. Cannula in right jugular. Left carotid exposed. 


| | Maxton 
Time Respiration right" Notes 
8.50 58” of 25%, NaCl sol. injooted. 
slow 61 Blood very venous in carotid ; respi- 
(say, 12 per min.) . ration slow 
4.17 Blood in carotid now better oxyge- 
4.20 | _Undisturbed 120 
46 77 
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36 G. N. STEWART. 
Circulation 
time from | Maximum 
Time Respiration ht | deflection Notes 
toleft carotid 
4,25 Insp. 4°15 126 | 

44 117 Blood now well arterialised. 

Exp. 5°65 108 

82 6°6 118 

35 Insp. 8°65 96 Deflection is quicker than in Exp. 
and seems to turn more sharply at 
the maximum and come back more 
quickly. 3 

37 Insp. 115 

89 Exp. 6°8 

.42 6°35 135 | Check slipped, and 2°5 c.c. of the 

NaCl solution went in. 

44 Insp. 2°85 80 

46 68 This reading of time is a 
little too long. 

49 8* 118 

4,52 8°7 Reading of circulation time a little 
too short. 

5 at 16°6 per min.. 4°15 69 

5.2 8°85 70 

4. Insp. 2°3 70 Rectum 37°1°. Box 900. 

12 Re 2°85 97 Box 1000. 

14 2°5 83 

17 Exp. 73 139 Reading of circulation time too 

: Movement of image is distinc 
) slower than in Insp. 

-20 6°3* 112 

.23 Insp. 2°6* 79 The interval in all the above obser- 
vations between the stoppage of re- 
spiration and the beginning of the 
injection would not be more ie thin 4”, 

5.24 Undisturbed 78 

.26 | at 15°8 per min 4 76 Circulation time too long 

25 Insp. for 20” 7°85 This circulation is 

} somewhat too long. The deflection 
is slower and much smaller than 
when observation taken immediate- 
ly after stopping of respiration. 

36 2-6* 72 Deflection as quick as usual. 

-40 Insp. for 15” 4°25 89 Fairly quick deflection. 

.50 Rectum 87-2°. 

Injected 10 mg. curara into blood, as 
convulsions come on when respira- 
tion interrupted for more than 20”. 
6.2 Insp. 2°8 
Insp. for 20” 7°6 : Small and slow deflection. 

6.6 Exp. 4°85 61 | Blood in carotid seems more venous 
than before ; respiration ap 
working badly now, ich op wo to 
this it worked well and regu- 
larly 

8 Exp. 4°05 64 : 
ll 3°8 
3°3 
31 Exp. for 20” 8°9 
33 | 2°85 
Insp. for 20” 5 


* Specially good readings are marked with an asterisk, 
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The difference is now 09”; and if we go on a little farther in the 
experiment and compare the average of the four inspiratory readings 
taken from 5.4 to 5.23 o'clock, which is only 2°55”, with the average 
of the succeeding set of two readings with uninterrupted respiration, 
which is 3°8”, or with the average of the preceding set of three obser- 
vations, which is 3°9”, we get an excess of circulation time during 
uninterrupted respiration over that during inspiratory standstill of 
1°35”, 

But the difference between the circulation time in inspiratory and 
in expiratory standstill is much more striking. | 

The average of the first four readings in Exp. is 6°35”, an excess of 
1‘9” over the average of the first set with uninterrupted respiration 
and of 2°45” over the first set of four inspiratory readings. The — 
circulation time in expiratory standstill does not practically change at 
all as the experiment goes on, at least until very late in the experiment 
(set of four readings from 6.6 to 6.29 o'clock), while we have seen that 
the circulation time in inspiratory standstill and with respiration going 
on becomes less; and the difference between the circulation time in 
Exp. and Insp. when the latter has been reduced to 2°55” is 3°8”, the — 
circulation time in Exp. being exactly two and a half. times the circu- 
lation time in Insp. 

In Experiments 2 and 3 the difference between the circulation time 
in Exp. and Insp. is also very striking and in the same direction ; and, 
so far as this point is concerned, we can omit a detailed examination of 
these experiments. 

There is one other point brought out by Experiment 1 which is 
worthy of being noticed. In all the observations hitherto discussed the 
reading was made on the heel of the stoppage of respiration. When 
the respiration is interrupted for a comparatively long interval 
(15” to 20” for example), the inspiratory circulation time increases 
greatly, whereas the raroniation time in expiratory standstill may not 
be notably affected. 

The maximum deflection, as will be seen in the column under that 
heading, may be quite as large in expiratory as in inspiratory standstill. 
A point of more value is that the maximum is more slowly attained in 
Exp. This slow movement is very constantly associated with a long — 
_ pulmonary circulation time. Its significance will be discussed in a later 


paper. 


a 
2 
4 
4 
é 
> 
4 
vA 
4 
fi 
7 
aa 
» 


WN. STEWART. 


Expermenr 2. Rabbit. 30 mg. curara subcutaneously. Cannula in 
left jugular near junction with subclavian. Right carotid eens Artificial 


Time | Respiration heft jugular tol deflection Notes 
carotid 
8.46 _ 85" 162 2¢.c. of 2°5°/, NaCl injected in whole 
.48 108 of this 
49 140 
“56 26 109 |) Blood better oxygenated than in 
Blood allowed to get gradually less 
4,2 23°38 min 6-9 160 
10 3 99 Blood again normally oxygenated. 
12 Insp. 8°15 137 
19 Exp. 6°05 147 
140 | The tis 
‘ xp. 8. movemen 
with that in 
25 Insp. 8 128 
.27 Exp. 7 146 
.29 Insp. 2°4 115 
81 Exp. 8°55 147 — time is a little too 
35 Insp. B15 150 
205 107 
56 2-85 114 
Exp. 8-1 167 
Injected 20 mg. curara blood, as 
still respiratory movements when 
artificial respiration stopped in Exp. 
although not stopped in 
5.12 Insp. 2°65 136 No hos asa movements 
expiratory standstill. 
19 185 Respiration 18-7 per min. 
24 Insp. 24 
27 Exp. 4-05 125 
.82 Insp. 2°6 92 
% ob 4°55 48 | Deflection small because tubes . full 
of *6°/, NaCl used in washing out 
curara. 
57 Insp. 62 114 | Seen that now — had almost 
: stopped in carotid. 
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; 
3. Bitch, 3700 3 grams. urethan in rectum. 
Cannula in left external jugular. Right carotid exposed. 


52 Inj. 35 mg. ” 
Vagina 87°95°. a 


Put cephalic end of cut right sympa- q 


PPS 


.33 Exp. . “2 a 
an 
Exp. 4°85* Respira 9 6 a 
iration 32°6 per min. 
Vagina 36°4°. 
“50 5-45 | 
Exp. 5°35 
7.1 ” * 4°95 
8 Insp. 4:55 
Undisturbed resp. 5°45 Vagina 36°5°. 
2°65 
1-9* 


7.17 Insp. 
5°45 


2°95 Heart 195-6 per min. 


Cut both vagi (vago-sympathetic on left 
side; right symp. previously cut). 


This circulation time is a little too long. 


4 
> 


4 

In whole of above experiment, stoppage E 
of respiration either in Insp. or in a 
Exp. is followed by a movement in 
direction of increased electrical resis- 
| tance of carotid. 4 
+ Stimulation (7), i.e. stimulation of the cephalic end of right sympathetic with 7 c.m. | q 

distance between of inductorium, (? Daniell in pa gy | 


39 4 
= 
4.45 Inj. 50 i 4 
mg. morphia subcutaneously. 
et 
i hetic on stimulating electrodes. 
fa 
30 injected i lood q 
mg. curara injec into b 
Artificial iration begun. a 
6.20 Undisturbed 
.22 Artificial 4 
tua 
yj 
4 
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_ P.M. Distance of electrodes on right carotid from left ventricle, 7-2 c.m. 
- Distance of point of cannula in left external tec vein from its junction 
with subclavian, 1°5 c.m. 

From this junction to right auricle, 5°5 c.m. 


In Experiment 3, one of those made with dogs, although the 
circulation time is markedly less in Insp. than in Exp., the average 
circulation time in Insp. in four readings being 3°35", and in Exp. in 
four readings, 5°1”, there is no difference between the time in un- 
disturbed respiration (mean of four readings 5°05”) and in Exp. 

That the difference between the circulation time in Insp. 
and Exp. does not depend on the pleural cavity being unopened, | 
is well shewn in the latter half of Experiment 3. | 

The average inspiratory circulation time with opened chest is 2'5” 
for eight readings ; the average expiratory circulation time for five 
readings is 46”. These numbers are both less than with unopened 
chest; and the circulation time with undisturbed respiration is also less, 
viz. 4° 7” for five readings. 

Section of both vagi in this Experiment produces no change 
whatever in the circulation time, with artificial respiration 
going on and thorax opened. The difference between the cir- 
culation time in Insp. and Exp. persists after section of the 
nerves, which shews that this difference does not depend on impulses 
passing along the vagl. 

Experiment 4 is quoted as an instance where only a slight difference 
between the circulation time in Insp. and Exp. can be detected, and 
this only by taking the mean of all the observations. Thus from six 
readings of circulation time in Insp. we get the mean value, 3°05”; 
from four Expiratory readings, 3°35”; and from nine er with 
undisturbed respiration, 3". 


Exp. 4. Rabbit. 30 m.g. curara subcutaneously. Not completely para- 
lysed. Artificial respiration. Cannula in left jugular. Right carotid exposed. 
The circulation time recorded is that from left jugular to right carotid. 


Time Respiration Notes 
4.14 8-55” 15 0.0. 2°59 
and all the rest of the experiment. 
Undisturbed at 3°83 
20 per min. 2:4 115 
2:8 124 
8°5 131 
4.50 3-2 Rectum 88°4°, 
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41 
Time Respiration time Notes 
5.12 Insp. 3°6 
5.14 Exp. Rectum 387°4°. 
Insp. 
Insp ei Respiration now made 24 per min. 
5.52 Exp. 3°35 
Insp. 
5,54 Exp. 3°4 Rectum 36°5°. 
Insp. 3°3 
Exp. 2°65 
2°6 
Insp. for 15” 3°35 
Exp. for 15” 4°9 
Insp. for 35” 5°5 
lates 0 mg. curara into bl 
After this animal was mo- 
tionless. 
6.18 | Undisturbed at 3:2 Rectum 36°6°. 
6.20 24 per min. 3°2 
Insp. for 20” 19 
6.27 Exp. ,, 3°5 Rectum 36°7°. 
Insp. ,, 3°6 
6.36 Exp. ,, 
Insp. ,, 4:5 
Exp. for 1’ 5°6 
Insp. ,, 4°95 140 
6.45 41 
Undisturbed 3°4 32 
at 24 per min. 24 39 
2°4 51 
6.55 | Rectum 36°2°. 


@ 
Animal still in good condition when experiment had to be stopped. 
P.M. Some small haemorrhages in lungs. 


, EXPERIMENT 5. Rabbit, 2000 grams. 50 mg. curara sibedbaiiicndly. 
Artificial respiration. Cannula in left jugular. Right carotid exposed. 


time from | Maximum 
Time Respiration left jug. to | deflection Notes 
right carotid 
Only i 
used; resp. undis- Box 900. 
1.56 turbed ios 27°9 per 29 92 
2°10 4:15 
2.12 8-8 103 Rectum 37°7°. 
2.15 6 97 When the circulation time began to 


lengthen the deflection began to be 

lone, Serene and slower and to re- 

e more the deflection seen 

when the vascular tract includes 
regions. 


two capillary 
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The blood is now seen to be very venous in the carotid; and circulation in 
it stopped very soon after last observation. : 

Put nearly empty carotid again on electrodes; balanced now with Box 
1240. 

P.M. Distance of point of cannula in jugular from junction of jugular — 
subclavian 4 c.m. 
From this junction to heart, less than 2 c.m. 


‘Here then apparently standstill in distension produces no change in 
the pulmonary circulation time, while standstill in collapse increases 
that time to a small extent. 

When we look at the observations with longer stoppage of res- 
piration the difference is found to increase. Thus the mean of six 
inspiratory readings, where the interval between stoppage and begin- 
ning of injection varied from 15 seconds to 1 minute, is 3°4”; the mean 
of five expiratory readings is 4°5”; the difference is 11”. 

In Experiment 6 the first six readings in Insp. average 2°75”, and 
the first five in Exp. precisely the same. Before the next set of three 
inspiratory and two expiratory readings the respiration was made 
exceedingly slow (5'4 per minute), in order to test the effect on the 
circulation time. The depth of the respirations was at the same time 


Srpeatanne 6. Rabbit, 1560 grams. 20 mg. curara subcutaneously. 
Artificial respiration. Cannula in left jugular. Right carotid exposed. 


Time | —_ Respiration left jue. to | deflection Notes 


Circulation 
2.30 | 111 
4 41 | 27 in. 8°1* 85 
42 | 86 
4 45 8-05 This circulation time is a little too 
4 long. 
4 47 2°75 96 
4 2°8 91 
3 2°95 88 
yi Respiration now made 18-6 per min. 
Box 1000. 
4 e 2°55 _ circulation time is a little too 
ong. 
q 8.2 3°3* 80 Bor 1100. 
4 2°65* 67 
2°6 78 
a 10 2 100 This circulation time is perhaps a 
3 little too short. 
q 12 2°85 58 
18 2°95 87 
q | Respiration now made 5°4 per min. | 


Notes 


: 


¢ Here began to use suction as well as q 
inflation for the artificial 7 
tion. Resp. per min. 


Exp. 41 | This circulation time is too long. 


Injected 10 mg. curara into blood. 


E: 


Injected 10 mg. curara into blood. 


Now increased the depth of the resp.  —- 
the rate remaining thesame,viz.18°‘7 


Insp. “1 a 
8 
Insp. 15" 4 


This circulation time is too long. a 


In this Experiment the animal was not completely paralysed till near the 
end of the experiment, and sometimes there were natural movements of 
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91 
137 

97 

83 4 

74 
102 2 q 

93 | q 

65 

8,45 Exp. 8°05 63 q 
47 Insp. 90 4 
51 12°5 per min. 2-6 66 ‘ 
56 Insp. 2-15 107 : 
.58 Exp. 8°25 54 
4 Insp. 3°85 81 7 
‘al 
.42 Insp. 4:1 
44 Exp. 8°05 3 
Insp. 
52 Exp. 8°2 4 
Insp. 44 
12°5 per min. 8°15 4 

. Here stopped suction. Now only in- 4 
flation used in artificial resp. a 

5 3°75 
6.1 18°7 per min. 8-15* 
10 Exp. 3°4 
12 Insp. 2°65 
8-05 

” 6 
3°5 q 
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increased. The mean for the inspiratory readings is 4”, and for the - 
expiratory, 4°15”, that is there is no clear difference, although both 
circulation times are greatly more than with respiration at a quicker 
rate. The meaning of such exceptions to the general rule as Experi- 
ment 6 (first half) will be sought for later on. 

It is important that in no case have I found with artificial 

respiration (inflation only) the circulation time in expiratory standstill 
' shorter than in inspiratory standstill, while in the majority of the 
experiments the circulation time in expiratory standstill was ceecreagd 
longer than that in inspiratory standstill. 

_ In the latter half of Experiment 6 aspiration as well as inflation 
was used in the artificial respiration, i.e. inflation during inspiration, 
aspiration during expiration, in order to see how this would affect the 
circulation time. | 

The average of seven inspiratory readings is 3°7”, of ten expiratory 
readings 3:3”. So that with aspiration the circulation time is less than 
with inflation. The difference is indeed not great, but the number of 
readings from which the means are obtained is large; and averages of 
this sort are worthy of more confidence than a close agreement of two 
or even three consecutive readings. | 

There appears then to be a reversal of the usual relation between 
the inspiratory and expiratory circulation times, when collapse. of the 
lung is brought about by aspiration, instead of being left to take place 
of itself. In connection with this the note that the image moves in the 
direction of diminished electrical resistance of the carotid when the 
respiration is stopped in expiration, and in the direction of increased 
resistance when it is stopped in inspiration, is interesting ; for when only 
inflation is being used, stoppage of respiration either in inspiration or 
in expiration causes the image to move in the direction of increased 
electrical resistance of the carotid. Diminution of the resistance of the 
artery would mean that the pressure in it was increased, and that more 
blood was getting through the lungs. 

But I do not feel that 1 can at present ground | on a sufficient basis 
of fact the statement, that in collapse of the lungs produced by 
aspiration the circulation time is always less than in expansion of the 
lungs produced by inflation, however probable this may be; and in the 
summary I shall use the phrase “seems to be” instead of is, in order to 
indicate that the number of experiments on which the statement rests 
is small, 

When respiration (inflation only) is stopped for some time before the 
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readings are taken, the inspiratory circulation time, so far as the few ; 
observations at the end of this experiment go, is again sensibly less q 
than the expiratory circulation time. This is interesting when we 
consider that the circulation times were exactly equal with the short 


stoppage. 
We may here restate the main results of this section. q 
With artificial respiration (inflation only), either with q 
unopened or open chest, the pulmonary circulation time is a 


in general less in inspiratory than in expiratory standstill, 
when the observation is taken immediately after the stoppage 
of respiration; and this may be due either to the circulation 
time in inspiratory standstill being less than that in un- 
disturbed respiration while the circulation time in expiratory 
standstill is not less, or to the circulation time in expiratory 
standstill being greater than that in undisturbed respiration 

while the circulation time in inspiratory standstill is not 
greater. 

‘When collapse of the lungs in the artificial respiration 
(with unopened chest) is caused by aspiration, the pulmonary 
circulation time seems to be less in expiratory than in in- 
spiratory standstill (inflation). 

A “venous” condition of the blood causes an increase in a 
the. pulmonary circulation time, with respiration (artificial 
or natural) going on. ° 

When artificial respiration (by inflation only) is arrested — 
for more than a few seconds before the measurement of the 
pulmonary circulation time is made, the circulation time in 
inspiratory standstill increases with the interval of arrest, 
and may become as great as that in expiratory standstill. 


The interpretation of the results. 
Some of these results were to me unexpected. Most of the writers a 


on the respiratory waves in the arterial blood pressure curve who have 
sought their explanation in mechanical conditions influencing the 
pulmonary circulation, and not in nervous impulses affecting the heart 
or the systemic arterioles, are agreed that these mechanical conditions 
can only be:—(1) Changes in the capacity and resistance of the 
pulmonary capillaries, depending on changes in the volume of the lungs 
or in the relation between the pressure on their alveolar and pleural 
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surfaces. (2) Changes in the quantity of blood entering the thoracic 
_ cavity caused by alterations in the intra-thoracic pressure. 

As to the first factor, the weight of evidence is undoubtedly in 
favour of an augmentation of the capacity and a diminution of the 
resistance of the pulmonary circulation in natural inspiration, that is 
when the lungs are distended by a diminution of pressure on their 
pleural surface, but an opposite effect when the lungs are distended by 
‘inflation as in ordinary artificial respiration. The resistance of the 
collapsed lung in natural respiration is generally admitted to be 
greater, and the capacity less, than in the distended lung; in artificial 
respiration, on the other hand, the capacity in collapse is said to be 
greater, and the resistance less, than in inflation. 

As regards the second factor, we cannot doubt that anything which 
lowers the intra-thoracic pressure relatively to the blood-pressure in the 
extra-thoracic veins must lead to an increased flow of blood to the right 
heart. 

Let us now consider how these things tally with our results on the 
circulation time; and I will omit here all detailed reference to normal 
respiration, because I have only as yet made a sufficient number of 
experiments on curarised animals, in which the absolute steadiness of 
the electrodes, during stoppage of respiration, so necessary for accurate 
work, could be counted upon. It will be well first of all to take the 
case of the unopened chest, and to enquire what the meaning is of the 
- smaller pulmonary circulation time in inspiration than in expiration. 

The blood-pressure in the carotid sinks sharply during inflation — 
under the conditions of my experiments; generally remains constant at — 
its minimum till respiration is again begun, then leaps up to a maxi- 
mum beyond the original mean pressure; and soon falls again to the 
normal level (Fig. 1, Pl. 1). During collapse the mean pressure is 
but little changed; if anything, it rises slightly; and when the respira- 
tory undulations disappear, the mean corresponds at least to the tops 
of the wavelets. On the other hand, when the trachea is closed, either 
in inspiration or expiration, in a chloralised rabbit which has been 
breathing naturally, little change occurs in the blood pressure; the 
respiratory waves only become more pronounced owing to the sina 
respiratory efforts. 3 

There is no doubt then that a relatively short pulmonary ieiieiicn 
time may be associated with a relatively small blood-flow through the 
lungs. There is as little doubt, I think, that, other things being — 
equal, more blood must pass per unit of time through the lungs, as 
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through other organs, when the vascular resistance is small than when 
it is large; and also that the linear velocity of a cross section of the 
column of blood must be greater, and the circulation time less, when 
the small vessels are widened than when they are constricted. The 
explanation of the seeming paradox, that salt solution injected into the 
jugular finds its way to the carotid through the inflated lungs as 
quickly as with respiration going on, and perhaps more quickly, while 
the total quantity of blood passing round the lesser circulation is so 
much diminished that the arterial pressure falls, lies, I think, in the ~ 
fact that the other things are not equal. A great and necessary 
peculiarity of the pulmonary circulation, as compared with any. part of 
the systemic circulation, the renal vascular tract for instance, is the — 
dependence of the blood-flow through the lungs upon the quantity of 
blood which reaches the right side of the heart. Within limits, the 
quantity of blood which the right ventricle can send through the lungs 
in a given time depends only, or at least chiefly, on the quantity which 
is available; and this is determined by the facility with which blood 
passes. from the systemic arteries into the veins, and from the extra- 
thoracic veins into the chest. Since the ventricle in general is not 
working up to its maximum output, a certain portion of its energy ¢ of 
contraction is usually ‘wasted'; and this would be available for driving 
on the blood, if either there was more blood to drive on, or a greater 
resistance to its passage. If then the vascular resistance of the lungs 
be increased by diminution of their capacity while the quantity of 
blood reaching the right ventricle is not diminished, the increase in 
the part of the energy of the ventricular contraction spent upon the 
blood may compensate for the greater resistance, and the same quantity 
of blood may pags per unit of time through the lesser circulation. In 
this case it is clear that any given cross section of the column of blood 
would move with greater velocity than before, and the circulation 
time would be diminished, while the total blood-flow through the — 
lungs was unchanged. Ayain, suppose that the quantity of blood 
coming to the right ventricle is lessened, while the capacity of the 
pulmonary circulation is unchanged, it is clear that the pulmonary cir- 
culation time must be increased, and the total blood-flow to the left 
side of the heart diminished. | 
But thirdly, we can suppose that while the supply of blood to the 
right ventricle is lessened, the capacity of the pulmonary vessels is 
diminished still more. In this case, on the assumption that the 


1 Roy and Adami. Phil, Trans. 1892, pp. 199 ete. 
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ventricle is still able to force through the lungs all the blood which it. 
receives, the pulmonary circulation time must be lessened simul- 
_ taneously with the total blood-flow to the left heart. 

To treat the problem a little more strictly, the mean pulmonary 
circulation time is the time in which the whole of the blood in the 
lungs passes from pulmonary artery to pulmonary veins, in other words 
it is the time in which the right ventricle throws into the former a 
quantity of blood equal to that in the pulmonary circulation. 
Supposing then that the ventricle up to a certain limit is able to force 
through the lungs all the blood it receives, independently of the vascular 
resistance, the pulmonary circulation time must vary inversely as the 
quantity of blood flowing into the right side of the heart per unit of | 
time and directly as the quantity of blood in the pulmonary circulation 
at the beginning of the observation. In any case, if Q represent the 
capacity of the pulmonary circulation, Q’ the average output of the 
right ventricle during the measurement, r the number of beats of the 
heart per second, and 7' the pulmonary circulation time, we get 


_Q 
T | 
Now let Q be diminished while r and Q’ remain constant, that is let 
the vascular capacity of the lungs be lessened, while the ventricle, 
supposed to be previously working below its maximum, continues to 
receive, and therefore to expel, the same quantity of blood as before. 

_ JT must in this case be diminished too. Lichtheim’s experiment on | 
closure of a portion of the vascular tract served by the pulmonary — 
artery would probably afford an illustration of this case. He found 
that even when a very considerable proportion (#) of the whole tract 
was cut out, the blood-pressure in the carotid artery did not fall. Now 
here Q must have been notably diminished, for the unblocked third of _ 
the vessels of the lungs can hardly be supposed to have been so much ~ 
distended as to keep the total capacity normal. Q’ would be pepe 


since the carotid pressure remained the same; so that the ratio $ 


would be diminished, and there is little doubt that if the pulmonary 

circulation time were measured under the conditions of Lichtheim’s 

- experiment, a decrease would be found. The same is true however 

Q and Q may be changed, if only the ratio ‘. is diminished while r 
remains constant. 

Now when artificial respiration is arrested with the lungs inflated 
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and the thorax unopened, Q and Q’ are both lessened, Q’ because the 
high intra-thoracic pressure hinders the return of blood from the 
systemic veins, Q because inflation of the lungs, by increase of. the 
intra-alveolar pressure, diminishes the capacity of the pulmonary 
circulation. In this case the pulmonary circulation time, 7’, is dimin- 
ished; which would indicate that Q has been lessened proportionally 
more than Q’. Heger’s result, that the artificially inflated lungs may 
contain only } the normal quantity of blood, shews how easily this sts 
happen. 

Tn arrest. of respiration with opened chest and inflated lungs Q and 
@ are both lessened, Q because of the decrease of vascular capacity of 
the lungs, Q’ not perhaps because less blood is reaching the right heart 
than during regular respiration, but because the ventricle, although 
sending more blood through the lungs than in inflation with unopened 
chest, is unable to force through the whole of its now relatively 
abundant supply. The systemic blood-pressure therefore falls, while 
the diminution of the pulmonary circulation time (Exp. 3) is even 
greater than with unopened chest, since Q is presumably diminished to 
at least the same extent and Q’ not proportionally so much. - 

In collapse, with unopened chest, the capacity of the pulmonary 
circulation is greater than in inflation. More blood also reaches the 
right ventricle; and it sends more through the lungs, though presumably 
not so much more as to counterbalance the increase in capacity. So 
that although the outflow in a given time by the pulmonary veins is 
greater than in inflation, and perhaps greater even than during regular 
respiration, and the carotid pressure accordingly does not fall, and may 


rise a little, the ratio 5 would seem to be upon the whole increased, or 


at least to remain the same as before; and the pulmonary circulation 
time is either greater than, or at anyrate not less than, the circulation 
time during undisturbed respiration, and cuceeunie greater than that in 
inspiratory standstill. 

In collapse with opened chest, the same quantity of blood may be 
supposed to reach the right ventricle as in inflation. Since the vascular 
capacity of the lungs, however, is greater in collapse than in inflation, 


a and therefore the pulmonary circulation time will be greater, unless 


Q is increased in the same proportion as Q; general 
be the case. 


When aspiration is mud to produce collapse, with unopened thorax, 
PH. XV. 4 
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the pulmonary duiaiaiis time seems to be rather less than in inflation. 
Since the carotid pressure is as great as during regular respiration or 

even greater, Q’ cannot have diminished. On the contrary it will have 
- increased, for aspiration reduces the intrathoracic pressure, and thus 
increases the flow of blood to the right heart. The same will be the case 
with Q; and it will depend upon the relative alteration in Q’ and Q 
whether 7’ is increased or diminished. Apparently Q’ is in general in- 
creased more than Q; and the pulmonary circulation time is therefore 
less in collapse (by aspiration) than in inflation. The difference is not 
large, perhaps because Q is proportionally nearly as much increased in 
collapse. as Q’. For there are two factors both tending to make the 
_ capacity greater, first that the collapsed lungs, even when collapse is 
produced under comparatively unfavourable conditions, by the recoil of 
the chest walls alone, have a greater vascular capacity than the inflated 
lungs, and, secondly, that lungs caused to collapse by aspiration, have a 
greater vascular capacity than when the collapse is brought about by 
a method which does not diminish the intra-alveolar pressure. 

Next let us consider the increase in the pulmonary circulation time 
which takes place when the blood is not sufficiently oxygenated, although 
the movements of respiration (artificial or natural) are being kept up. 
I at first thought that this increase of circulation time was a clear proof 
of increase of vascular resistance in the lungs, and therefore a corrobora- 
tion of the observations of Lichtheim and other writers, who have 
observed a rise of pressure in the pulmonary artery during suspension of — 
respiration, not necessarily accompanied with an increase of pressure in 
the carotid. On further considering the subject, I believe that my obser- 
vations, although certainly not inconsistent with the idea that poorly 
oxygenated blood causes narrowing of the pulmonary vessels, either by 
direct action or through vaso-motor nerves, will bear another explanation. 
We know that the systemic blood pressure rises when the blood becomes 
venous, because of the constriction of the small vessels and consequent 
increase of peripheral resistance. ° Now the effect of this constriction on 
the lesser circulation must be, except so far as it is balanced by the 
_ higher pressure, that less blood will pass into the systemic veins, and 
_ therefore less into the right ventricle and through the lungs. In other 
words, Q is diminished. If now r and Q remain unaltered, 7, the pul- * 
- monary circulation time, must be increased ; as we find is the case. But 
it is not necessary that 7 and Q should remain absolutely unchanged ; 
it is sufficient that the ratio Q should increase. Q may, therefore, also 
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| _ be diminished, but not so much as rQ. When the deficiency of oxygen 
in the blood, or the increase of arterial pressure, has reached a certain 


point, slowing of the heart may take place, that is a diminution in r, 


accompanied, however, by an increase in Q’. But upon the whole rQ’ 
tends rather to diminish than te increase with the time during which 
respiration is suspended ; so does 7’; and the clear inference is that if 
Q is also diminishing, it must be at a less rapid rate than rQ. 0 

The lessening of the circulation time when the blood is “venous” may 
be seen also, though to’a less extent, in systemic vascular tracts. When 
a tract including both the lungs and systemic capillaries is investigated, 
the total circulation time is not only found to be increased, as would of 
course necessarily be the case if the time of the lesser circulation alone 
were affected, but it is, sometimes at least, increased to a greater extent 
than can be accounted for by the slowing of the blood stream in the 
lungs alone. 

As I have said, this does not shut out the possibility that the 
pulmonary vessels may be narrowed in asphyxia. It only does not sup- 
port it. A rise of pressure in the pulmonary artery, during suspension 
of respiration, unaccompanied by a corresponding rise of general arterial 
pressure, could I think, only mean that in proportion to the vascular 
resistance of the lungs the output of the right ventricle had increased. 
This might happen either if the pulmonary vascular resistance increased 
while the ventricular output remained the same as before, or if the 
ventricular output increased while the resistance in the lungs was un- 
changed. A more than momentary increase in the output of thé ventricle 
would not be conceivable without a change in the pressure in the carotid, 
unless it was balanced by a simultaneous increase in the outflow through 
the systemic capillaries, and this would not be easy to explain in accord- 
ance with the ordinary phenomena of asphyxia. A constriction of the 
pulmonary vessels must lead to a fall of systemic pressure, unless it is 
accompanied by either a simultaneous and proportional increase of 
constriction of the systemic arterioles or by an increased effort of the 


right ventricle which enabled it, in spite of the increase of pulmonary | 


resistance, still to pass the same quantity of blood through the lungs. 
In the latter case the pulmonary circulation time would be diminished 
not increased, as it certainly is when.respiration is suspended for any 
considerable time with the lungs in any position whatever: 

The increase of the pulmonary circulation time, both in inspiratory 


and expiratory standstill, but especially in the former, when respiration — 


is suspended for more than a few seconds, is connected, I think, with the 
4—2 
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effect of deficiency of oxygen on the circulation time while the 
respiratory movements are still going on, although, of course, this effect 
is superadded to the changes produced~ by the position of the lungs. 
The circulation time through the collapsed lungs, which is already rela- 
tively long, reaches its maximum sooner than that of the inflated lungs 
(with unopened thorax); the latter is as a rule lengthened even in 20”, and 
may ultimately equal the expiratory circulation time, which, if originally 
long, may not be much increased by continuing the suspension beyond the 
time necessary to make the measurement (say 4” for a rabbit). Further, 
when the blood of an animal is neither well oxygenated nor very venous, 
the excess of expiratory over inspiratory circulation time may be 
greater after suspension of respiration for a very short period (4” to 5”) 
than later on ; while with well oxygenated blood the greatest~difference 
may be found with a somewhat longer suspension (say 10” to 15”). 

These things suggest that when the deficiency of oxygen in the 
blood reaches a certain point, an increase of the pulmonary circulation 
time is caused both through the inflated and through the collapsed 
lungs; but the point at which this effect begins is reached sooner in 
collapse than in inflation. 

This can be again explained as the consequence of vasomotor 
constriction of the systemic arterioles and consequent diminution of the 
output of the right ventricle, without the necessity of assuming a 
diminution of the calibre of the pulmonary vessels, And the curves in 
Figs. 2 and 3, Pl. I., shew that the blood pressure in the carotid may, 
when respiration is arrested in collapse, begin to rise in the typical curve 
of asphyxia, while after the same, or a considerably longer interval of 
suspension in inflation, no such rise may occur. 

But why is the effect on the circulation time and on the systemic blood 
pressure delayed in expiratory as compared with inspiratory standstill ? 
I think the answer to this question is that in full inflation the lungs 
contain much more oxygen than in collapse; not only is the volume of 
the included air greater, but the partial pressure of the oxygen is also a 
little greater. Now from this stock of oxygen the blood has to supply 
itself during the time that respiration is suspended. In inspiratory 
standstill the proportion of oxygen in the blood does not so soon fall to 
the point at which vasomotor stimulation begins as in expiratory 
standstill. When the blood is already poorly oxygenated, this point 
is very quickly reached with the lungs in collapse, but not so _ 
when the lungs are inflated. 

It is easy to see, by a rough cnlcsaie. that the dilfiemnco 3 in the 
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quantity of oxygen is of an order of magnitude suitable to the 
production of the effect. Suppose that the quantity of air in the 
lungs of a 2 kilo rabbit in the deepest inspiration is j, of the quantity 
in the lungs of a 70 kilo man, or say 5902=145c.c. This corresponds, - 
the deficiency of oxygen in the residual air being left out of account, to 
nearly 30c.c. of oxygen. In the position of deepest expiration only 
1590 ¢.c,, say 45.c.c. of air or 9c.c. of oxygen, would be present. Now 
the consumption of oxygen by a 2 kilo rabbit was found by Finkler 
and Ortmann’ to be about 1350 c.c. per hour or 22... per minute. In 
the inspiratory position therefore there is enough oxygen in the lungs of 
a rabbit to supply the consumption for more than a minute, in 
expiratory position not enough for half a minute. 

A man, I suppose for the same reason, can hold his breath iiigee 
after a deep inspiration than after a deep expiration. A 70 kilo man 
uses say 350 c.c. of oxygen per minute. In deepest inspiration the 
lungs contain about 1000 c.c. oxygen; in deepest expiration 300 C.C., OF 
not enough for 1 minute. ; 

A man of 70 kilos aie height 5 ft. 10 in., aet. 32, in rather weak 
health and suffering from a cold, was able to hold his breath, | 


Sitting average Sitting ,| average 
Standing 13:45” Standing 25°50” 


A healthy boy, of 52 rilos weight, height 5 ft. 2 in., aet.: 16, held his 
breath, 


In Exp. Insp. 
30°35” 35°20” 
Standing 2010" 2578" . Standing 
26°90” 45°75” 


The boy entered with greater enthusiasm into the experiment than 
the man and this, as well as the weak health of the latter, may partly 
account for the much longer time during which he held his breath. 

In a few experiments no difference between the pulmonary circu- 
lation time in inspiration and expiration could be made out by taking 
the mean of a number of observations. In addition to the first half of 
Experiment 6 already alluded to, Experiment 6a, made on a dog, 
may be quoted as an illustration of this; and it is worthy of note that 


f 


1 Pfliiger’s Archiv, Ba. x1v, p. 62. 
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although the expiratory and inspiratory circulation times are practically 
equal on the average, they are both considerably greater than the 
circulation time with respiration going on. a 

Experiment 6a. Dog, 2030 grams. Morphia and curara. 1°5 c.c. 5 °/, 
NaCl solution used for injection. | 


Time | ext. jug. to left oe gp deflection | Notes 
5.40 2°8”” 100 
41 2-9 82 
42 2°65 
44 Exp. 38°35 101 
Insp. 3°75 
47 Exp. 3:1 
48 Insp. 3°7 180 
51 Exp. 3°3 110 
Insp. 3°45 129 
Ligatured both vago-sympathetics. 
6.5 | 2°75 109 Rectum 40°5°. 
6 Insp. 3°35 109 
8 Exp. 3°2 88 
15 Exp. 4°05 126 
16 Insp. 4°95 153 
18 Exp. 38°7 182 
Insp. 3°55 152 
sympathetic put on 
24 Insp. Stim. 2 135 In the whole experiment when respiration 
22 Exp. ,, 88 124 is stopped either in Insp. or Exp. there is 
.82 Insp. ,, 2°7 87 a movement in direction of increased elec- 
83 Exp. ,, 3°25 103 trical resistance of carotid; this move-— 
87 8°25 100 ment is larger in Insp. than in Exp. 
sp. or 
15" stim 91 
15’ stim, ¢ 104 
‘* Stim,” means stimulation of central end of right vago-sympathetic. 


Here the mean of nine expiratory readings is 3°40”, of nine in- 
spiratory readings 3°45”, of six readings with regular respiration 2°85”. 
Section of the vago-sympathetics and stimulation of their central ends 
in a curarised animal may be assumed, from other experiments, to have 
no effect on the circulation time or to have the same proportional effect 
upon the time in Exp., Insp. and uninterrupted respiration, so that all 
the observations may be drawn into the average. What is the meaning 
then of the negative result so far as a difference between the circulation 
time in Exp. and Insp. is concerned? In one or two cases in the 

: earlier part of the work this may have been due-to imperfect clipping 
of the tubes, so that the arrest of respiration was incomplete, or did not 
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take place sufficiently near the maximum of inflation or collapse ; or to 
natural respiratory movements being attempted during stoppage of the 


artificial respiration when the dose of curara was too small, or during 
closure of the tracheal cannula when the animal was breathing normally _ 
under chloral alone. Apart from experimental imperfections of this — 


kind, the state of oxygenation of the blood previous to’stoppage of the 


respiration might be such that before the observation could be taken 


the relative lengthening of the circulation time in inspiratory standstill 
had already equalised it with that of collapse. The fact that both 
circulation times are greater than in undisturbed respiration in the 


experiment just quoted, would seem to indicate that here this factor — 


was at work. But it is not difficult to see from the principles by which 
we have already endeavoured to explain the other results that an 
apparently negative experiment may be occasionally looked for, from 
the interference of conditions not under control. For if Q,, Q, be the 
pulmonary capacity, Q’;, Q', the output of the ventricle, respectively in 
inflation and collapse, we have Q;= mQ, and Q’;=nQ', where m and n 
are proper fractions, since in inflation (with unopened chest) both the 
pulmonary capacity and the ventricular output are less than in collapse. 


Then , and r being supposed constant, the 


circulation time is proportional to the ratios Q , in Insp., and Qs ; 


Exp. In general m and n are unequal, and m <n, since the inspiratory 


circulation time is less than the expiratory. But it is conceivable that 


the relative changes of pulmonary capacity and ventricular output 
might, in a particular animal at a given time, that is with certain 


relations between the vascular resistance, blood-pressure and blood-flow 


in the greater and lesser circulations with inflated and with collapsed 
lungs, be such that upon the whole one change compensated another. 
Then m would be =n, within our somewhat wide limits of error. 
Reading to twentieths of a second, we cannot at most, for an average 
pulmonary circulation time, and then only with a large number of 


observations, come nearer than within 2 per cent. of the whole. If m. 


ever becomes >n, the difference would not be detected unless it at least 
exceeded this amount. 

This is perhaps the place to point out how much more strictly the 
circulation time of a portion of the systemic circulation increases and 
diminishes with the vascular resistance than does that of the lungs. 
The difference depends to a great extent upon the fact that there are 
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many parallel paths for the blood to pass by in the systemic circulation. — 
When the small vessels of the kidney are constricted, the renal circulation 
time is increased. The available supply of blood is the same as before ; 
practically the propelling force is unchanged, for the general arterial 
pressure is little affected; and the effect of the greater vascular re- 
sistance comes out unmixed. A quantity of blood equal to that which 
lies between the electrodes on the renal artery and those on the renal 
vein must pass through the kidney in the renal circulation time; and 
although this quantity is less than when the renal arterioles are dilated, 
the outflow in a given time is still more diminished, and therefore the 
average linear velocity is lessened. If the outflow only diminished at 
the same rate as the average cross section of the vascular path, the 
linear velocity would not be altered by constriction; but in capillary 
tubes Poiseuille found that the outflow varies as the fourth power of 
the diameter, not as the square; and the linear velocity therefore varies 
as the cross section. | 
If there were a heart’ upon the renal artery, which, working at 
higher pressure when the renal vessels were constricted, continued to 
force through the kidney as much blood as before, the linear velocity 
would evidently be augmented and the cireulation | time diminished by 
constriction of the arterioles. 


Section II. 
Effects of the division and stimulation of Nerves on the 
Pulmonary Circulation Time. 
Schiff and v. Wittich stated that the vasomotor nerves of the 
lungs run in the vagus; but this has been denied by various observers’. 
- Couvreur asserted that stimulation of the vagus in the frog caused 
constriction of the vessels of the lung. | | 
Most observers are agreed that the pressure in the pulmonary 
circulation is practically independent of the systemic blood-pressure. 
On the assumption that this is true,‘a rise of pressure in the pulmonary 
artery caused by suspension of respiration would mean increased 
vascular resistance in the lungs. | 
Lichtheim could get no rise of pressure in the pulmonary artery 
reflexly, by stimulation of the central ap of the vagus or sciatic, 
but got a rise by suspension of respiration”. | 


1 Frey, Békay, Lichtheim, Bradford and Dean, and othetes. 


2 Lichtheim. Die Stérungen des Lungenkreislaufe und ihr Einfluss auf d. Blutdruck, 
1876, rv. Th, 1. 
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Zuntz' could find no distinct alteration, even during suspension of 
respiration, in the filling of the pulmonary vessels or the outflow of 
blood from a small wound. | 

_ Bradford and Dean? confirm the statement that the pulmonary 
pressure is only little dependent on the aortic, and also that the 
pulmonary vasomotor nerves come from the upper dorsal cord (dog). 
Stimulation of the upper part of the cord causes great rise of pressure 
both in the pulmonary system and the aorta. If the cord is now cut at 
the level of the 7th dorsal nerve, and the lower end stimulated, there 
is only a rise of pressure in the aorta. If the upper part of the cord 
is now again stimulated, there is only a small aortic rise, while the 
_ pulmonary rise of pressure is as great as at first. They consider that 
this proves the direct influence of the cord on the pulmonary vascular 
_ system. Peripheral stimulation of the 2nd—7th dorsal roots causes a 

relatively great rise in the pulmonary blood-pressure. The vagus con- 
tains no vasomotor fibres for the lungs. 

In my experiments the circulation time was determined a 
sufficient number of readings before and after section of a nerve, sl 
again wes stimulation of the nerve. 


Section and Stimulation of the Vagi. 


Considering the profound effect which section of these nerves has 
on the respiration, I thought it possible that, vasomotor influences 
apart, a change in the circulation time might be found associated with 
the mechanical changes. And I think there is little doubt that the 
pulmonary circulation time (with natural respiration) is to 
some extent lengthened after section of both vagi. 

In Experiment 8 (p. 66), for example, the circulation time with 
intact vagi was 2°25” in three good readings. The mean of three 
readings following section of the first vagus is 2°45”; the mean of four 
readings following section of the second vagus is 2°7"; and the mean 
of the next four readings, 3:9”. | | 
: No doubt in the last two or three observations the imperfect 

oxygenation of the blood had begun to affect the circulation time. 

In Experiment 7 (p. 64), the means of a first set of four and a 
second set of three readings are 405” and 41” respectively. (This is 
long for a normal pulmonary circulation time, but the rabbit was un- 
usually large, over 3 kilos.) 


1 Pfliiger’s Archiv, Ba. xvm. p. 899. 
2 This Journal, Vol. x. p. i. Proc. Physiol, Soc. 1889. 


: 
: 
¥ 
+9 
om 
of 
q 
¥ 
3 


58 STEWART. 


The mean of a set of three readings taken immediately after section 
of both vagi is 4°4”, and of a set of two marked readings taken a few 
minutes later, 5°7”. | 

In this experiment section of the vagi produced no effect whatever 
on the rate of respiration, although a note says that the depth seemed 
somewhat increased. This would perhaps suggest that lengthening of 
the circulation time after section of the vagi need not be due to 
mechanical changes in the respiration, but may be a result of the cutting 
out of impulses normally passing along these nerves and independent 
of the impulses concerned in maintaining the: normal respiratory 
rhythm. 

But if this is true, it is evident that we might expect to find 
changes in the pulmonary circulation time, after section of the vagi, 
with artificial as well as with natural respiration. But in Experiment 
12 (p. 69), in which artificial respiration was used, the pulmonary 
circulation time was 3°15” (eight readings) before section of the second 
vagus, and 2°95” (mean of 35 readings) after section, while in other 
experiments no difference was found. 

Taking everything into consideration, I do not think we can say 
more than that section of both vagi does, asa rule, cause a 
lengthening of the pulmonary circulation time with natural 
respiration; this may depend partly on mechanical or chemi- 
cal changes produced in the respiration, but may possibly 
in part be due to the cutting off of impulses. which more 
directly affect the vascular resistance in the lungs, or the | 
activity of the heart. 

It is not difficult to see that, given | a vaso-motor mechanism for the 
lungs, it might be of importance that the variations of capacity and 
vascular resistance which the rhythmical mechanical changes in respira- 
tion entail should be to a greater or less extent compensated by reflex 
dilation and contraction of the pulmonary vessels; and of all afferent 
_ nerves which might be thought of as adequate to such a duty, none can 
compare with the pulmonary fibres of the vagi. I therefore endeavoured 
to find out whether stimulation of the central end of one vagus, the 
other being cut, had any effect upon the pulmonary circulation time, 
either with undisturbed respiration‘(natural or artificial), or in inspira- 
tory or expiratory standstill. With natural respiration, however, the 
question is complicated by the reflex action of the vagus on the respira- 
tory centre; and although this difficulty can be got over by curara and 
artificial respiration, the effect on the systemic blood-pressure remains, 
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So that although in some of my experiments with artificial respiration, 
_ there was an apparent shortening of the pulmonary circulation time 
during stimulation of the central end of the vagus, the interpretation of | 
this result, even if it were shewn to be constant, would have to be 
carefully controlled. | 

In a dog of 6 kilos weight with natural respiration, stimulation of | 
_ the central end of one vago-sympathetic, the other being intact, caused 
expiratory standstill with marked lengthening of the pulmonary circu- 
lation time—from 3°75” (average of 3 marked readings) to 6°65”; but 
the heart was at the same time slowed from 163 to 62°5 beats per min.; 
and the circulation time from external jugular to internal jugular below 
the thyroid gland, on the side of the cut vago-sympathetic, rose from 
7°35” (mean of seven readings) to 182”. Here evidently the slowing of 
the heart is the cause of the increase in the circulation time. 

Similarly, if we found that after section of both vagi the circulation 
time was diminished, this might merely be due to the increased rate of 
the heart. And although the rapidly beating heart of the rabbit may 
be little affected by section of the vagi, we could not accept a diminution 
in pulmonary circulation time as due to any other cause than increased 
cardiac activity, unless at least the rate of the heart was observed, and 
found not to be sufficiently altered to account for the diminution. © 

When, however, it is a case of increase in the circulation time this 
necessity does not arise so far as section of the vagus is concerned. 
But when we stimulate the peripheral end of the vagus, we cannot draw — 
conclusions as to any effect on the pulmonary circulation time of othe: 
than cardiac origin, without eliminating the influence of the nerve on 
the heart, say by atropia. 

For example, in Experiment 10, stimulation of the peripheral end 
of the cut left vagus raises the pulmonary circulation time from 4°35” to 
9°7” (average of 2 readings). But we cannot at all conclude from this 
that there has been any direct effect on the vascular resistance in the 
pulmonary circuit. For the heart was greatly slowed, and this of itself 
would account for the increase. _ 

In Experiment 12, after section of both vagi and the right 
sympathetic, and before the injection of atropia, the circulation time 
was 2°65” (average of 3 readings from 2.10 to 2.17 o'clock, 2°65” ; of 6° 
readings from 2.30 to 2.55 o’clock, 2°7”; and of 3 readings from 3.16 to 
3.23 o'clock, 2°65”). 

During stimulation of the peripheral end of the left vagus, the 
circulation time was 3°35” (mean of 4 readings from 3.7 to 3.24 o'clock). 
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Z The excess during stimulation is therefore 07”. If we take only the 

| readings marked with the asterisk, we get again an excess during 

stimulation of 0:7”. | 

After subcutaneous injection of mg. of atropia and immediately 
afterwards of #,mg. more, the pulmonary circulation time without 
stimulation of the vagus was 3:05” (average of 12 readings from 3.33 to 
4.48 o'clock). During stimulation of the peripheral end of the left vagus ‘ 
the circulation time was 3°55” (mean of 9 readings ne 3.47 to 4.49 
o'clock). 

The excess during stimulation is therefore still 0°5”. 

If we take only the marked observations after the subcutaneous | 
injection of atropia, we get as the mean of 4 readings without stimula- 
tion, 3”, practically the same as before; and for the mean of 7 readings — 
during stimulation, 3:5”. | 

Here the excess during stimulation is again 0°5”. 

But now it is possible that the two doses of atropia injected 

' subcutaneously, although large doses, were not enough to paralyse the 
vagus action on the heart. Let us, therefore, separate the readings 
taken before from those taken after the intravenous injection of #, mg. 
of attopia at 4.15 o'clock, which certainly removed all traces of the 
inhibitory action. 

7 We thus get 2'85” as the average of 6 observations without stimula- 
tion before the atropine was put into the blood, and 3°5” as the mean of 

5 readings with stimulation; the excess being 0°65”. 

After the injection of atropine into the blood, the mean of 6 readings © ; 
without stimulation is 3:2”; and the average of 4 during stimulation, | 
3°6”, a difference of 0°4”. 

_ If, however, we take only the marked readings after intravenous 
injection of atropia, we get for the average of 3 readings during 
stimulation of the peripheral end of the vagus, 3°35’; while the single 
marked reading without stimulation is 3:1”. We can probably accept 
with safety this single reading, as it agrees sufficiently. with the average 
of all the marked observations without stimulation (3”) and with the 

average of marked and unmarked readings without stimulation (3:05”). 

This would give an excess during stimulation of, say, only 0°3” or 
0°25”; while before the intravenous injection of atropia the excess of the 
mean of the 4 marked readings during stimulation (3°65”) over the 
mean of the 3 marked readings without stimulation (295”) is 0°7”, 
which is practically the same as that brought out by taking all the 
marked and unmarked readings together. 
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In brief then what we find is this. Before the first (subcutaneous) 
injection of atropia, the average excess of pulmonary circulation time 
during stimulation of the peripheral stump of the vagus over that 
without stimulation comes out by two different methods of treating the 
results as 0°7”. 

The excess on the average of the readings from the subcutaneous 
injection to the intravenous injection, comes out 0°7” by one method 
and 0°65” by another; while after the intravenous injection it is 0°3” 
and 0°4” respectively. 

It is evident, therefore, that the subcutaneous injection of atropia 
has here left the excess practically unaltered; and the apparent diminu- 
tion in that excess when we take the mean of all the readings after the 
intravenous as well as after the subcutaneous injection must be due 
solely to the diminution after the intravenous injection. So that we 
must conclude that up to this latter injection the action of the atropia 
on the vagus was incomplete. After that injection we see the excess 
drop from 0°7" to 0°4", 0°3” or 0°25”, that is to a half or a third of its 
original amount. 

: I have discussed this experiment at great length because it is the type 
of more in which the same difficulties of interpretation have to be met. 

The general conclusion is that the greater part at any rate of 
the apparent increase in the pulmonary circulation time 

which may be caused by stimulation of the peripheral end 
of the cut vagus is due to the action of the vagus on the 
heart, and not to direct action on the vascular resistance in 
the pulmonary circuit. (Here we assume that the measures taken 
to cut out the vagus ends in the heart are such as are not likely to cut 
out at the same time the endings of pulmonary vasomotor nerve fibres 
possibly contained in the vagus.) 

Whether there may not be in addition some slight direct effect I 

cannot certainly say. It is not likely, however. 
| It is of course conceivable that the action of the vagus fibres on the 
bronchial muscles which has been demonstrated by Roy and Brown, 
and by Sandmann’, might to some extent affect the pulmonary 
circulation time as a whole. Sandmann states that in the cat and 
rabbit atropia does not paralyse the fibres of the vagus which cause 
constriction of the bronchi. 

To be perfectly conclusive, perhaps these experiments ought to be 
repeated with simultaneous stimulation of the two vagi. For if stimu- 
ene 1 Arch, f. (Anat. u.) Physiol, 1890. 


Mg 
x 
x 


62 N. STEWART. 


lation of one nerve caused an increase of circulation time only in the 
lung of the same side, this would be marked if the circulation time of 
the other lung remained unchanged. 


tod of the Cervical 


Section of the cervical sympathetic on one or both sides 

has no effect on the pulmonary circulation time, nor has 

stimulation either of the caudal or cephalic stump of the 
nerve any effect. 

This statement is based on observations such as those of Experiment 
9 (p. 66) and of part of Experiment 12. @ 

The mean of the first 8 readings in Experiment 9 is 33". The | 
mean of the next 3 readings following section of the right sympathetic 
is 3°4’; and of the next 6 observations following section of the left 
‘sympathetic, 35”, There is therefore practically no change produced, 
for a slight progressive lengthening of the circulation time as the 
experiment goes on is quite sufficient to account for the very small 
apparent increase. After 4.35 o'clock the rate of this progressive 

increase becomes rather abruptly greater, and the average circulation 
time springs from 3'5" to 3°95" for the next 3 readings, and to 4°1” for 
the 6 readings from 4.35 to 5.2 o'clock. 

The average of 11 observations, beginning at this time, during 
stimulation of the caudal end of the left sympathetic is 43”, while the 
mean of 12 observations without stimulation is 4°25”; and this close 
agreement derives great weight from the comparatively large number 
of readings from which the means are deduced. 

In Experiment 12, 3 readings, taken from 2.10 to 2.17 o'clock 
without stimulation average 2°65”; 5 readings taken between 2.24 and 
2.56 o'clock during stimulation of the cephalic end of the right 

sympathetic average 2'7”; and 6 readings taken in the same interval 
without stimulation average 2°77”. Here stimulation of the cephalic 
end of the cervical sympathetic has not the slightest effect ‘on the 

pulmonary circulation time. 
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circulation time. 


Here an undoubted effect upon the circulation time was obtained: 

_ Experiment 13 is an example. The readings agree remarkably well 
with each other. This is doubtless ai to the great steadiness mentioned 
in the “ Notes,” 
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The first 2 readings, without stimulation, are identical, viz. 3°7”. 
The next 4, with stimulation, give a mean of 62”; while 4 taken 
within the same interval but without stimulation have a mean of 3°5”. 


The excess of the mean pulmonary circulation time during stimulation — 


is therefore (say) 2°7”. In other words, stimulation of this part of the 
cord has in this instance increased) the circulation time by about 75 p.c. 

The last 2 observations shew a somewhat smaller, but still an 
unmistakeable increase, the average circulation time during stimulation 
being 48”. This falling off is’ probably due to exhaustion ; and it is 
interesting to notice, that the movement of the image in the direction 
of increased electrical resistance of the carotid, which follows stimulation, 
begins also to diminish when the circulation time during stimulation 
begins to grow less. Another point of interest is the extreme slowness 
_ with which the deflection caused by the salt solution begins, when it is 
injected during stimulation. As has been more than once remarked, 


this is very typically associated with a long pulmonary circulation time. 


Any possible stimulation of cardiac inhibitory fibres by escape of current, 
and consequent lengthening of the pulmonary circulation in this way, 
was eliminated by the injection of atropia. 

- To sum up the results of Section IL. : 

Stimulation of the dorsal spinal cord greatly increases 
the (uncorrected) pulmonary circulation time. 

Section of the cervical sympathetic or stimulation of either 
stump has no effect. 

Section of both vagi generally lengthens the circulation 
time to some extent. This is due, in part at least, to the 
mechanical changes produced in the respiration. . Stimulation 
of either stump has no undoubted effect when the influence 
of the vagus on the heart is eliminated. 


It may be added that stimulation of the central end of a nerve like’ 


the sciatic usually affects the pulmonary circulation time but little. (In 
one rabbit 3°45”—6 readings—during stimulation ; 3°7”—11 readings— 


without stimulation.). Here reflex constriction of systemic vessels and 


reflex augmentation of the heart would oppose each other. 


The lengthening of the pulmonary circulation time which | 


of the upper part of the dorsal cord causes, reminds one of the rise of 
pressure in the pulmonary artery observed by Bradford and Dean.. 
When I made the experiments I had not fully appreciated the 
importance of the part which variations in the quantity of blood passing 
into the thorax must play in determining the pulmonary circulation 
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time ; and, impressed with the idea that a marked increase in this time 
could only mean, changes in the rate of the heart being eliminated, an 
increase of vascular resistance in the lungs, I did not attempt to separate 
the effect of stimulation of the cord on the systemic arterioles from any _ 
direct effect on the pulmonary vessels. I now see that an increase of 
pulmonary circulation time may be caused by constriction of systemic 
arterioles alone, and consequent diminution in the flow of blood to the 
right heart. For if Q and r remain constant while Q’ is diminished, the 


ratio ‘ must be incréased. 
I hope therefore to make further experiments on the point. 


Exprertment 7. Rabbit, 3060 grams. 2°4 grams. chloral hydrate in 
rectum, Cannula in right jugular. Left carotid exposed. TENT 5 ; 
but natural breathing at first. =~ 


Time Respiration right jug. to —— Notes 
carotid 
2,15 B65” 52 | 2c.c. °/, NaCl injected. 
17 4-1 45 ” 
Natural ay 62 
4-45 40 | of 25%), NaCl injected here ana 
| experiment, 
2.34 Insp, 4°35* 69 
Natural 8°8 62 
48 Insp. 2°85 122 
51 124 
-52 |Natural30permin.| 4 122 
119 
Cut both 
8.10 Respiration 30 per min.., i.e. the same 
somew. 
22 4-85 61 
Natural { 4°4 60 
$95 | 659 
.29 Insp. 6°3* 59 
32 5-75" 60 
Exp. 5°25* 56 
40 6 68 | This circulation time is too 
lm 
46 5-6 56 
48 Exp. 5°55 54 
in the rest of this experimen 
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time Maximum 
m 
Time Respiration right jug, to | deflection Notes 
8.51 Exp. 61 60 In this observation the tubes would 
_ still be filled with 2°5 °/, NaCl, which 
explains the com ve smallness 
of the deflection. 
5°2 85 
Exp. 89 
Exp. 80 | Moistened artery on electrodes. . 
” 4: 84 : 
6 Insp. 5-4 102 | 
.10 Exp. 5 112 Rectum 35:3°, 
17 Insp. 4°85 
22 Exp. 45. |. 
25 Insp. 5°25 90 
. ? 4 ? 89 if 
be it doubtful whether the 
3 clips were put on at the height of 
inspiration. 
36 Exp. 3°95 84 Rectum 35°6°. Temp. of animal is 
rising ; the anterior part containing 
_ the lungs is being warmed possibly 
| more quickly than the rest. 
42 Insp. 4°3 87 | 
47 Exp. 4:2 87 
5.5 | Injected 30 mg. curara into blood. 
Respiratory movements stop almost 
7 atonce. Artificial resp. now begun. 
5.15 Insp. 4°3 100 
Exp. 4:8 76 Rectum 358°. Artificial resp. 11°5: 
34 Insp. 717 
.36 Exp 4-1 64 
.38 Insp. 3-95 
ng. 
42 Exp. 3°7 73 
46 Insp. 8°15 89 
.48 Exp. 41 77 Rectum 
Insp. 3°35 105 
54 Exp. 3°7 | 78 
.57 Insp. 5° 93 
6 Exp. 4-7 
6.7 . Insp. 4°55 56 
Suction as well as inflation now used 
in artificial resp. 
14 Insp. 3°4 59 
.16 “ied 4-7 70 | This circulation time is undoubtedly 
too long. 
17 Exp. 4°15 65 
Insp. 82 
.27 ” 2:7 64 
Exp. 3°65 62 Rectum 35°9°. 


- The cannula was in right jug. vein close to its junction with the subclavian. 
PH. XV. | 
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Experment 8. Rabbit, 2010 grams. 
left. jugular very near junction with subclavian. Right carotid exposed ; 
electrodes placed on it low down in neck not far from its origin. 


Natural breathing. Cannuia in 


fromm | Maxims | 
‘Time left jug. to_| deflection Notes 
right carotid 
2.58 2°25* 54 2c.c. 2°5 °/, NaCl solution injected in 
all this experiment. 
.59 2°25* 66 | Box 900. 
Cut left iration deeper ; 73°1 per min. 
section. 
5 2°45 66 
8 2°35 54 
Out 2°55 54 
ut vagus 
Respiration now per min. 
16 2°45 72 | 
2°95 82 
21. 2°75* 58 
87 3:3 1 The deflection is slower than before 
section of the second vagus. 
-B9 8°45 118 Respiration 34°4 per min. 
-40 4°65 97 Blood very venous in carotid. 
44 4:3 74 Rectum 37°9°, 
.50 Animal died, apparently from 


‘Experiment 9. Rabbit. 


of the lungs. 


20 mg. curara subcutaneously and 5 mg. into . 


blood. Artificial respiration. Cannula in left jugular. Right carotid ex- 
posed. Cervical sympathetic isolated on both sides. 


from | Maximum 
Time left jug. to | deflection Notes 
right carotid 
4.8 3°65” 165 Respiration 19-6 per min. 
10 2°95* 185 
ll 8°65 176 
$38. . 
17 8°15 168 
19 2°9* 154 
-20 3°6 145 
3°25* 153 


Cut right symp. 


aS 
“a 
A 
ag 
> 
23 3°65 152 
3°3 150 
25 8-25 159 | 
E Cut left symp. i 
141 
27 3 
28 3-7 142 
a 
29 3°3 189 
q 
¢ 
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Circulation 
time from | Maximum 
Time left jug. to | deflection Notes 
right carotid 
.30 3°45 152 > 
81 8°7 140 
.33 3°15: 146 
3°9 148 
“40 £05 | sew 
now 
.42 153 
.59 4°05 168 
5 4°5 155 
5.1 8°95 153 
2 4°45 149 
38 Stimulated, caudal 3°75 151 
end of left symp. 
5 Ditto (stronger stim.) 4°55 138 
| 4°25 149 
8 Stimulated ,, 4°4 149 
154 
‘12 | Stimulated ,, 41 162 
14 4-2 158 
Moistened artery freely with normal 
“sche J saline between electrodes as well as 
on them+. Also moistened nerve 
on stimulating electrodes. 
5.19 4:1 68 
21 Stimulated 4°75 71 
.23 4°4 65 
.25 | 475 | 59 
27 Stimulated 5-1 46 
31 Stimulated 4°25 66 
” 3°7 57 
34 3°75 55 | Rectum 32-7°, 
4:4 54 
41 4°45 55 
45 Stimulated 4°55 54 
.48 4°25 58 
51 Stimulated 4°25 72 
.53 3°85 91 
Now cut nerve below stim. elec- 
trodes and put the ends together. 
55 Stimulated 4°75 102 This circulation time is too long. 
102 
Now pushed stimulating electrodes 
down near clavicle so as to favour 
| escape of current. 
.58 Stimulated 5°05 116 
6 4°05 111 
6.1 Stimulated — 41 182 Rectum 32-2°. Blood in carotid still 
well oxygenated. 


+ After artery was moistened the deflections became much smaller and markedly slower 
than before. Towards end of experiment as artery dried again the deflection increased. 
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68 _ STEWART. 
« Expgrment 10. Rabbit, 1980 grams. Cannula in left jugular. Right 


_ carotid and both vagi prepared. Curara. Artificial respiration. 


e from | Maximum 
_ Time left jug. to. | deflection Notes 
right carotid 

1,2 4°25" 248 

8 43 279 

Cut left vagus 

1.7 4°35 442 

| Stimulated periph 

end of left vagus 

14 9°85 568 

18 15°85 571 Animal dying. 

.28 Rectum 36°6°. 


‘The artificial respiration was not satisfactory, and the blood in the carotid 
appeared from the beginning to be insufficiently oxygenated. Still there is 
no doubt that the two readings with stimulation of the vagus shew a real 
lengthening of the circulation time, for the heart recovered its old rate after 
the last of the two observations. Then the vagus was stimulated a third 
time. Wo reading was got, as the chronometer missed ; and apparently the 
heart did not recover after this third stimulation, for immediately after the 
very long circulation time of 15°85” was obtained, and it was seen that the 
carotid was almost empty. 3 | | 

When the peripheral end of the vagus was stimulated, the image always 
moved in the direction of increased resistance in the carotid. 


EXPERIMENT 11, Rabbit. 30 mg. curara subcutaneously. Artificial 
respiration. Cannula in left jugular. Right carotid artery, and vagus and 
sympathetic on both sides prepared. 


me 
Time left jug. to | deflection Notes 
right carotid 
1,4 3°35” 59 This reading of circulation time too 
long. 
5 3°05* 63 
3°05* 63 
9 3°35 42 Circulation time a little too long. 
Cut left vagus 
15 3°05 74 
.20 | Stimulated central} 4°65 
end of left vagus 
‘ 3°35 151 Here the piston of the syringe ha 
.28 Stimulated 3°55 154 become slack, the helpof an tobe 
82 3°75 162 was needed to finish the experiment. 
This may account for the great in- 
crease in the deflection, as it is pos- 
sible that more than the usual quan- 
tity of salt solution was injected, 
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Expertment 12. Rabbit, 1850 grams. 
Artificial respiration. Cannula in left jugular. 
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15 mg. curara subcutaneously. 
Right carotid artery, and 


vagus and sympathetic on both sides prepared. 


time from | Maximum : 
Time left jug. to. | deflection Notes 
carotid | 
12,25 293 Respiration 31°6 per min. 
Cut left vagus 
42 8°25 291 
44 2°5 292 
n en on 
stimulating electrodes. ” 
.47 | Stim. end; 2°75 212 
2°3 225 
.52 3°85 253 
53 Stimulation 2-3 204 
56 3°7 252 All the above observations are see 
; Cut right Blood still rather poorly oxygenated. 
3°5 233 
1.1 3°35 211 
ight 0 
as vol. 
18 2°7 895 
2.35* 245 
24 2.35* 
-26 Stimulation 2°8* 254 
Moistened nerve on electrodes. 
29 Stimulation 2°25 273 
neg No stim. 2°35 295 | 
artificial resp. as natural 
tory movements are going on. 
‘sir | | 
All resp. stopped. Blood in carotid 
| venous. 
-41 | Noresp. Stim. | 3°35 258 
-44 |Noresp. Nostim.| 4°9 300 
.52 99 99 4°45 816 
.56 on ie 3°35 This observation was taken sooner 
after resp, than the pre- 
of right sympathetic 
put on stimulating electrodes, 
ar 398 Before this obs. taken the artery be- 
: re this obs. 
tween and on the electrodes was 
freely moistened with 
17 2°75 401 Before this obs. the excess of saline 


was removed. 
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Time left jug. to Metlection Notes 
right carotid : 
2°55 366 
37 2°75 340 
Stimulation 8°05 256 
43 2°8 279 
46 Stimulation 2°3* 299 
47 3°05 290 
49 Stimulation 2°6 290 
.50 2°45 285 
2°-7* 270 
Stimulation 2°7* 
Peripheral end of left vagus now put 
on stimulating 
8.7 end | 2°7 292 nerve on electrodes. 
15 4 ” 3°5 \ 842 
16 | 2°3* 288 Rectum 35-6°. 
19 3°05 276 | 
2°55* 295 
24 Stimulation | 4:1 
: Injected 20 mg. curara mg 
atropia subcutan 
.45 8°05* 847 
47 Stimulation 8°05 
.49 ” 2-9* 331 
2°35 866 
58 2°55* 357 In all obs. where of 
57 Stimulation 4-3* 348 vagus is stimulated the first effect 
4,3 81 303 of stim. is to cause 8 movement of 
4 Stimulation 3°3* 373 the image in the direction of in- 
8°25* 856 creased elect. resist. in the carotid. 
Stimulation 4°05* 346 
15 Injected into blood mg. of atropia. 
19 3°3 296 
Stimulation does not affect the rate 
of heart. 
.82 | 301 
Stimulation 8°7* 296 
3°45 341 | Moistened artery. 
.88 2°7 151 
A4 Stimulation 3°05* 146 
45 3°35 121 
47 Stimulation 123 
8°1* 182 
49 Stimulation 3°3 145 
Caudal end o sym © put 
on stimulating 
Stimulation 139 
5.1 131 
3 Stimulation 129 
3°83 133 
6 Stimulation 2°95 128 
7 143 
Stimulation 8°35* 127 Rectum 33°8°. 
Began now to heat a little more. 
85 Rectum 34°7°, 
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Experiment 13. Rabbit, curara, atropia. 
| Maxim 
_ Time left jug. to | deflection : Notes 
right carota 
Stimulating electrodes in the form of 
| needles thrust into dorsal spinal cord 
5.59 87" | 169 | Bridge ratio 1000; 1000. Box 7000. 
6.1 3°7* 166 Box now made 7200. 

2 Stimulation 5°6* 149 The movement is very slow in com- 
parison to that seen when there is 
no stimulation. 

m ioe Stimulation 6°35* 150 | Movement very reluctant at begin- 

ning just as in last observation. 

11 156 

.13 Stimulation 6°45* 157 | Movement begins with exceeding 
slowness. 

8°35* 158 

19 Stimulation 6°45* 155 

.22 3°7 146 

Stimulation 4°6 

81 8°35 191 

33 Stimulation 5°05 184 The deflection now is quicker than es 

the first obs. with stimulation. 


In all the observations with stimulation of the dorsal cord soon after the 
commencement of stimulation the image begins to move in the direction of 
increased resistance in the carotid. The average amount of this movement 
was 40 divisions in the first four observations quoted. In the last two it was 
only 20 divisions. Everything was exceedingly steady throughout the whole 
experiment ; and the observations are, therefore, very trustworthy. 

P.M. Uppermost of stimulating electrodes was found in the spinal canal 
a little above the lower border of the 4th dorsal vertebra, and lowermost a 
little below the lower border of the 11th dorsal vertebra. 

The point of the cannula in the jugular was quite close to its junction with 
the subclavian. 

The experiments in the above paper were made by the author while 
holding the George Henry Lewes Studentship. The expenses were met by 
grants frown the Royal Society and the British Medical Association. The 
paper was sent in as part of a Thesis for the Goodsir Memorial Prize in the 
University of Edinburgh, April 30th, 1892. In all the experiments per- 
formed in the Physiological Laboratory at Cambridge, and in most of those 
done in the Physiological Institute at Strasburg, the animals were anzsthetised 
with chloral, morphia, urethan, chloroform or ether. When curara was given, 
_ it was generally in addition to one of these anzsthetics. 
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EXPLANATION OF PLATE I. 
Blood pressure tracings from carotid of rabbit. Time trace, seconds. ‘The 
tracings are to be read in the direction of the arrows. | 


Fig. 1, Curara and chloral. Artificial respiration. Thorax unopened. 
At 1 respiration stopped with lungs inflated for 25”. Interval of 10” between 
2 and 3 not reproduced. At 4 artificial respiration begun again. 


_ Fig. 2. Curara and chloral. Artificial respiration (inflation and suction). 


Chest unopened. Respiration stopped at 1 with lungs in maximum inflation. 
Kept thus for 60”. Interval between 2 and 3, during which the curve was 
almost a straight line, 51”. At 4 respiration again begun. 


Fig. 3. Taken shortly before Fig. 2 from same rabbit. Respiration 
stopped in maximum collapse for 60”, beginning at 1. Interval between 2 
and 3 (not reproduced) 34”. The line of mean pressure fell to the level of 3 
in this interval. At 3 it began to rise. In the interval of 10” between 4 
and 5 it reached the level of 5. At 6 respiration resumed. 


Fig. 4. Chloral. Natural respiration. Arrested at I, in inspiration 
(moderate expansion) ; at E, in expiration (moderate collapse). Deep efforts 
at respiration occurred during the 25” for which the tracheal tube was 
closed. Respiration again begun at 2. There is only a slight rise of the mean 
pressure during expiratory arrest, little or no change during inspiratory 
arrest. The pulmonary circulation time measured under these conditions is 
about the same in both positions of the lungs. 
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THE CIRCULATION TIME IN ORGANS AND THE 
INFLUENCES WHICH AFFECT IT. By G. N. 
STEWART, M.A. DSc, MD. 


III. The circulation time in the thyroid gland, and the 
effects of section and stimulation of nerves upon it. 


THE observations of this paper were made entirely upon dogs. None of 
the animals exceeded six kilos in weight, and most of them weighed 
much less. Hence it was possible to inject the salt solution into a vein. 
For large animals an artery would have to be used. The isthmus of the — 
thyroid was absent in some cases, feebly developed in the animals in 

which it was present. The two lobes were therefore practically in- 
dependent in their circulation; except that occasionally a common vein, 
running down over the trachea, and either joining the internal jugular 


or opening separately, received branches from both lobes. 


Operation. An incision was made in the neck in the middle line, 
tracheotomy performed as far from the position of the thyroid as 
possible, and a cannula fixed in the trachea. The carotid was next 
exposed low down in the neck, and a sufficient length of it (say 2 to 
3 cm.) isolated for the electrodes. Then the vago-sympathetic was 
isolated on one or both sides about the same level as the carotid; and 
in most cases the strong common sheath was removed, and the nerve 
split carefully into its two strands. Next, the internal jugular vein, or 
the strongest branch of it where there was no single trunk, was prepared 
for the electrodes, either below the level of the thyroid or opposite the 
gland. Care was necessary so as not to injure the vein, as any serious 
damage to it interfered with the blood-flow. , 

The irregularity of the veins draining the thyroid made it difficult 
to adhere to one vein all through. The rule was to take the largest, 
and, if necessary, to cut off by ligature any blood entering it from 
other organs than the corresponding thyroid lobe. By far the greater 
part of the blood in the internal jugular or its representatives, at least 
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in these small and young dogs, comes from the choroid, and generally 

only a very trifling proportion from the feeble continuation of the vein 

upwards from the thyroid to the brain, which for some purposes it is 

not necessary to tie; for the beginning of the deflection corresponds to 

the time of the ehoxiic (thyroid) path, and in a control experiment it { 
was found that the circulation time observed was not altered by ligature ey 
of the vein above the gland. 

The cannula was generally put in the external jugular, In every 
case a dissection was made post mortem to shew the arrangement of 
the blood vessels; and to make sure that the vessels me nerves worked i 
with had been properly identified. : 

The object of the experiments was to determine whether section or 
stimulation of nerves can be shewn to afféct the circulation time 
in the gland. Changes in the circulation time produced in this way 
would indicate that vasomotor fibres for the thyroid were contained 
in the nerves. And, in general, it is easy to see that if the arterial 
blood pressure is unaffected, or increased, while the circulation time 
through a systemic vascular tract is lengthened, the vascular resistance 
in that tract must have increased ; and if the arterial pressure is either 
unaffected or diminished while the circulation time is lessened, the 
vascular resistance must have diminished. | 

If, on the other hand, we find that a circumstance which causes a 
shortening of the circulation time in an organ also causes a rise of 
general pressure, we cannot conclude that the peripheral resistance in 
the organ has been diminished, unless we can calculate how much effect 
the general rise of pressure has, and whether there is a margin over 
which we must set to the account of vascular change in the organ itself. 

- Now although this considerably limits the information to be derived 
from a measurement of the circulation time, without a simul- 
taneous registration of general blood-pressure, it yet leaves 

3 many cases which can be attacked by this method alone, and among 
them our present problem. 

I shall now quote some of my experiments. 


Experiment 1. Small adult dog, 2600 grams. 30 mg. morphia hydro- 
chlorate subcutaneously at 12.30. Vago-sympathetic prepared on both sides 
in the neck below the level of the thyroid gland, and sympathetic carefully 
separated from vagus for some distance. Cannula in right external jugular 
vein. Left internal jugular vein and left carotid artery prepared below the 
level of the thyroid gland. 30 mg. curara injected into blood. Artificial 
34 per minute. 
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TIME OF CIRCULATION. 75 
| Cire. | Max. 
Time Vascular tract time | deflect. Notes 
1.55 Right ext.jug.to| 9°25” | 54 | 2c.c. of 2°5°%/, NaCl injected in this 
| left int. jug. vein experiment except where otherwise 
mentioned. 
Right ext. jg. to | 3°3 
left caroti 
2.5 Ext. to int. jug. | 9°3 28 
ut symp. |. ic end of right . on 
| electrodes. 
15 81 
19 7°85 22 
23 795 | 81 
AT 8°45 30 
48 8°5 34 
Stim. 795 | 89 
Stim. 45 Stim. of cephalic end of 
J Ge 8 — im. of cephalic end of right symp. 
causes image to move 
increased resistance in int. jug. vein. 
Blood was now allowed to become 
more venous in carotid, by diminish- 
ing ventilation. 
58 11°45 
3.0 Stim. in 11°55 — | Here there is no movement of image 
in direction of increased resistance 
in vein. Blood again after this obs. 
allowed to be oxygenated. 
4 Ext. j. to carotid | 2°7 91 
7 8°3 
14 3 3°1 79 
2°75 76 
18 3°05* | 77 
.23 Stim. 3°3 82 
.26 3-1 91 
.29 Ries 3°25 78 
4.15 Rectum 40°3°. 
18 2°85 94 
.20 ie 2°75 Box 800. 
.24 “6 3°05* | 89 | Box 700. 
36 Ext. jug. to int. | 835" | 66 
jug. 
49 | Cut left symp. on 
stimulating electrodes. 
53 Ext. jug. to left | 3°2- 
carotid 
54 Ext. jug. to left | 6-7* 74 
int. jug. 
5.0 6°15* 
3 | Stim. (very weak) a 6°8 63 | 
.5 | Stim. (stronger a 28 | A movement of the image in the di- 
=65)t rection of increased resistance of the 
int. jug. vein follows stimulation. . 
9 Stim. (5) 11:1 
aa 2¢.c. of 5°/, NaCl injected in the re- 
; maining obs. of this exp. 
16 Ext. jug. to left | 61° | 84 | 
18 615* | 103 | 
-20 Stim. (5) | | 91 69 | 


t Stim. (5) means that distance between coils of inductorium was 5 ¢.m. 
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Vascular tract 
Stim. (5) | Ext. jug. to left 
int. jug. 
Stim. (reversed a 77* 58 | Nerve not so well on electrodes as 
cur, in primary) ore. it now, and 
(5) moistened vein on electrodes. 
. 6°5 73 | This circ. time is a little too long. 
58 | Now removed some saline sol. 
vein. 
6-85* | 107 
Injected 20 mg. curara. 
6°55* | 100 
Stim. (8) 8°3 63 
neh os 10°3* 40 | Stimulation was kept up, before taking 
the obs., for a much longer time than 
in last case 
Stim. (8) - 9°6* 32 | Stim. not so “long as last time. 
| | 100 | Box 970. 
Right ext. jug. to | 2°85 93 
left carotid 
Stim. ‘i 3°3 82 | Immed. after stim. there is first a 
movement of 6 divisions in direction 
of increased resistance and then a 
moderately slow movement of 34 div. 
in direction of diminished resistance 
of artery. This is typical. 
2-7* 85 
Stim. 8°7* 82 | Rectum 40°4°. 
Stim. 3°15 94 
2°75 96 
Stim, ee 3°75* | 100 
2°75* | 103 
Stim. 8°5* 98 | Box 730. 
Stim. (reversed “F 2°95* | 100 | The movement of image caused by 
cur. in primary) stim. is not affected by reversal of 
primary current. 
ext. jug. to; 6°25 96 
eft int. jug. 
Stim. 9? 10°1 29 ‘ 
symp. nerve on 
side of electrodes. 
6°85 47 
Stim. 8°55 53 
Seared nerve again. 
vagus ut cen 0 vagus on 
stimulating electrodes. 
3 ing to| 38°05 
¥ 2°95 | 142 
Stim. 2°8 139 
Stim. | 148 
2°7 125 
2°55* 128 
Stim. 2°5* | 131 ipheral 
t peri end o t vagus on 
Stim. ‘ 6°75 stimulating electrodes 


This obs. was taken immed. after 
stopping stimulation. 
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4 Time | 
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When peripheral end of vagus is stimulated, the image begins to move 
in the direction of increased resistance in the carotid, and the movement 
becomes very large, as much as 400 or 500 divisions or more. The image, 
however, now becomes unsteady, although before stimulation it was extremely 
steady. This was repeated again and again. 

Apparently, when the blood-pressure falls through stimulation of the 
peripheral end of the vagus, the pulsatory oscillations in the half-empty 
carotid increase in size, and the changes of electrical resistance due to the 
pulse become greater. Besides, when the heart is slowed there is more time 
_ for the galvanometer to respond to each of such changes. 

Although there was a well-marked pulse in the cardiac end of the internal 

jugular, a deflection never occurred immediately after the injection of the 
saline solution, even when the electrodes were placed on a distinctly pulsating 
piece of the vein. Although the pulse wave starting from the right auricle 
is able to reach the electrodes, or pass beyond them, there is not a regurgita- 
tion in mass of the auricular blood. 
P.M. Point of cannula in right external jugular vein only 8 mm. from 
junction with subclavian. Distance of electrodes on left internal jugular from 
its junction with left external jugular, 2°5 cm. ; from this junction to right 
auricle, 4°5 cm. 

‘Distance of electrodes on left carotid from origin of that artery, 5-5 cm. 

From electrodes on carotid to origin of superior thyroid artery, 4:2 cm. 

Length of superior thyroid artery, 1°7 cm. | 

” » vein, 2 cm. 

The tissues in the neighbourhood of the thyroid had been very little 
disturbed in the operation for this experiment. The superior thyroid artery 
and vein were not isolated. ‘ 

No isthmus of the thyroid was present. 


In most of the experiments one or both vago-sympathetics were 
isolated in the neck below the level of the thyroid gland, and the vagus 
portion carefully separated from the sympathetic portion for a sufficient 
distance to allow of the laying of either on stimulating eleetrodes. 

The circulation time from the right external jugular to the left 
internal jugular we shall for shortness call the “venous circulation 
time,” and that from external jugular to right carotid the “arterial 
circulation time,” the difference between the two being the (un- 
corrected) thyroid circulation time—in this case for the left lobe. The 
only corrections necessary to find the net thyroid circulation time would 
be the subtraction of the time taken by the blood to pass from the 
position of the electrodes on the carotid along the superior thyroid artery 
to its entrance into the gland, and of the time taken in the veins from 
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the gland to the electrodes on the internal jugular. This correction — 
would be small, and for our purpose it is not required. 
In Experiment 1, the mean of 5 readings of venous circulation time 


after section of the right sympathetic is 8°2”, and that of 5 readings of 


arterial circulation time is 3”. The thyroid circulation time is there- 
fore 5:2”, 

During stimulation of the cephalic end (1.¢. the end next the 
thyroid) of the cut right sympathetic the mean of 2 readings of venous 


- circulation time is 82”. Stimulation has accordingly caused no change 


in it. The mean of 2 readings of arterial circulation time during 
stimulation is 3°2”, so that Peeronly no change has been caused here 
either. In other words, 

Stimulation of the cephalic ni of the cut right sym- 


pathetic in the neck below the level of the thyroid, causes 


no change in the circulation time of the left thyroid lobe. 

Of course this statement is not based merely upon the single 
experiment in the discussion of which it appears. 

At 4.49 o'clock, the left sympathetic was cut below the level of the 
thyroid. Immediately before, a marked reading (a reading of cir- 
culation time marked in the record with an asterisk to denote that it is 
specially good) gives a venous circulation time of 835”. The mean 
of 2 marked venous readings taken after section is 6°4", a difference 
of 1°95”; while a single arterial reading gives 3°2”, leaving the thyroid 
circulation time after section 3°2”. From this and similar experiments 
we deduce the following statement. 

The venous circulation time of the left thyroid lobe is 
diminished by section of the left sympathetic in the neck 


- below the level of the gland. The arterial circulation time 


is little, if at all, affected. The circulation time of the left 
thyroid lobe is therefore diminished. 

The next point brought out by Experiment 1 is the effect of 
stimulation of the cephalic end of the cut left sympathetic. 

The mean of 8 observations of venous circulation time d : 
stimulation, taken between 5.5 and 6.21 o’rlock, is 9°4’; that of 9 
readings without stimulation, 6°45”; a difference of 2°95”. 

The average of 6 readings of arterial circulation time, taken between 
6.30 and 6.55 o'clock, during stimulation is 3°4"; of 4 readings without 
stimulation 2°75"; a difference of 0°65”. Deducting these values from 
the venous circulation time, we get 3°7” as the thyroid circulation time 
without stimulation, and 6” during stimulation. 
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Again, the mean of 2 observations of venous circulation time during 
stimulation, taken at 6.22 and 6.24 o'clock is 10°15”, that of 2 readings 
without stimulation taken about the eT time 6° 65". The excess 
during stimulation is 36”. — 

These observations on the circulation én are confirmed by the fact 
that the image moves i in the direction of increased electrical resistance 
of the left internal jugular: vein, when the cephalic end of the left 
sympathetic i is stimulated. For this shews that the blood-pressure in 
the vein has been lowered by the stimulation. The slight diminution — 
of electrical resistance of the carotid i is probably an index of increased 
blood-pressure due to increased peripheral resistarice in ‘the area 
supplied by it. Of course when the pressure in a vessel increases, its - 
cross-section, unless the increase of pressure is counterbalanced by 
contraction of the circular muscular fibres, becomes slightly greater, 
and the electrical resistance of a given length of it becomes slightly . 
less. 

We conclude from experiments of this kind, that stimulation of 
the cephalic end of the cut left sympathetic below the level 
of the thyroid c Ss an increase in the circulation time 
through the left thyroid lobe. In other words, the“cervical — 
sympathetic contains vaso-constrictor fibres for the corresponding 
thyroid lobe. . 

Experiment 2 confirms the result of Experiment 1, that there are | 
fibres in the cervical sympathetic which can affect the vascular re- © 
sistance in the thyroid. : 

The venous circulation time of the right thyroid lobe, which is 7-1” — 
(mean of three readings) before ligature of the right sympathetic below | 
the level of the thyroid, becomes 5°35” after ligature (mean of four 
successive readings). | 

Weak stimulation of the cephalic end of the cut right sympathetic 
has no effect on this time, two observations giving 53”. Stronger ~ 
stimulation (with a distance of 6 cm. between primary and secondary) . 
has a marked effect, the mean of three observations during stimulation © 
being 12°3”, while the mean of six readings without stimulation taken 
during the corresponding interval is 7:4”. (The diminution following © 
ligature of the sympathetic has not apparently lasted very long in this © 
experiment.) The difference is therefore 49”; and, as there is practi- . 
cally no change produced in the arterial circulation time, the whole 
of this difference represents the increase in the (uncorrected) thyroid 
circulation time. | 
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EXPERIMENT 2. 
Artificial respiration. 


G. N. STEWART. 


Bitch, 3708 grams. 50 mg. curara subcutaneously. 
Exposed right internal jugular vein, right carotid 

artery and right vago-sympathetic nerve, below thyroid gland. Carefully | 

separated right vagus from sympathetic for some distance. Oannula in left — 


external jugular vein. 
Cire. | Max. 
Time Vascular tract time | deflect. Notes 
2.2 to| 8°45” | 38 | Bh. 4°), NaCl there 
int. jug. in whole Ww 
otherwise noted. 
” 3 
Ligatured right 
symp. below 
thyroid 
16 4°8* 36 
17 4°85* | 33 
19 59 36 
cephalic d of 
end of cut t 
on stimulating e 
Stim. (weak) 5°3 
| ” 5°3 
$6 eis | 
87 | Stim. (strong, 6) ; 13°6 Deflection consists only of slight, hesi- 
2 Stim. (6) Only slight, hesitating 
"54 | ‘Stim. (6) 10-95 | 11 | The image ran gradually down from 
300 to 60 during stimulation. 
3.5 Injected 20 mg. Peasy into blood. 
Respiration 29°2 per min. 
42 ” 20 
44 8°25* | 36 
4,7 Left ext. jug. to | 4°75 12 | Rectum 88:3°, 
right carotid 
16 4°7* 11 
Electrodes again set Bs Cut right 
superior laryngeal 
.40 Left ext. jug. to | 8°7 Rh. 50. 
| right int. jug. 
42 89 11 
47 8°65 10 
.58 Injected 20 mg. curara into blood. 
h. made 1250, 
5.0 8°35 13 | Now put peripheral end of right sup. 
laryngeal nerve on stim. electrodes. 
15 Stim. pe 8°65* | 18 
26 Stim. (6) 
"29 | Stim. (6) 9°5 
Cephalic end of Per symp, put on 
stim. electrodes, 
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Cire. | Max. ; 
Time Vascular tract time | deflect. Notes 
5.35 Stim. (6) Left ext. jug. to | 11°6* 
right int. jug. 

38 8°5* Rectum 38-23°. 

.40 73 

44 Stim. 12°75* 

49 8°5* 21 

Stim. (6) 10°1 

54 12°45 

56 6°35 32 

.58 9? 7°55 

6.9 Left ext. jug. to | 3°7 15 | This circulation time is a little too 
right carotid : long. 

-10 8°5 18 Cophali right 

cend o symp. on u- 
: lating electrodes. 

14 Stim. (6) 36 

15 ‘ ee 3°55 These four obs. on carotid are better 
image is 

end of right sup. 
on orm 

20 Stim. (6) Left ext. jug. to | 4:1 Rectum 38°1°, 

t caro 

8°75 

-23 Stim. (6) 4°05 

-29 31* 

31 si 2°9* Curara action passing off; twitching 
of muscles, 

38 | Stim. (6) " 2°55 - Here it was found that from 6.20 to 
6.33 (incl.) there was really no stim. 
of nerve, as the circuit was accident- 
ally left open. Now put this right. 

40 8°15 

41 Stim. (6) 8°5 

42 Ae ; ‘i 3°65 This circ. time is a little too long. 

3°5 

46 83 

53 Injected 25 mg. curara into blood. 

Now isolated right symp. below sup. 
cervical ganglion before it joins the 
vagus; and put cephalic end on sti- 
mulating electrodes. 

7.54 Stim, (6) Left ext. jug. to | 9°2* \ 46.¢. of 4°/, NaCl injected in these 
t int. jug. observations. 

.56 me 6°35* Stimulation is always followed by a 

.58 Stim. (6) * 8°85* well-marked movement in the di- 

.59 rection of increased elect. resist. of 

8.3 Stim. (6) ” 9°05* the vein. This begins a second or 
two after beginning of stim. 

6 Stim. (6) ys 7°3* Here stim. was kept up for 2 mins. 

before the observation was taken. 

Cephalic end of right symp. below 
now put on 

13 73 ¢.c. 4°/, NaCl. 

14 6°25 4c.c. 

Stim. | No definite effect of stim. could be 
got. Rectum at 8°27, 37°2°. 
PH. XV. 6 
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P.M. On the right side a large lymphatic vessel, which passes close by 
the outer border of the thyroid, and is connected with the submaxillary 
lymphatic glands, is greatly distended with lymph. This is not the case on 
the left side. Query : Has section or stimulation of the cervical sympathetic — 
increased the transudation (secretion) of lymph in the region supplied by it? 

Traced fine branches of right superior laryngeal nerve down to the — 
entrance of the thyroid artery into the right lobe. No doubt that these fibres . 
enter the thyroid gland with the artery. But there seemed to be more fibres 
around the artery within the gland than could possibly have come from the . 
slender branches of the superior laryngeal. : 


Fig. 1 shews the arrangement of the veins in this case. 


R | ‘ 


| J "4 | 

Ls 


Fie. 1. 


T, trachea. RT, LT, right and left thyroid lobes. RS, LS, right and left subclavian — 
veins. REJ, LEJ, right and left external jugular veins. E, position of electrodes on 8, | 
the right internal jugular vein below thyroid. 1 and 2, the veins which unite to form 8. . 
6, 6’, the continuation of internal jugular vein above thyroid—very small compared with - 
1, 2, or 3, 4, small vein from submaxillary lymphatic glands. 5, internal jugular coming © 
from skull—very small. Internal jugular on left side is represented by two separate 
veins, 8 and 7, 

Distance from b to a, 4cm. 

Distance from a to ¢ along vein 2, 1-5 em. (The figure is not intended to represent 
the relative length of the vessels, and is not drawn to scale.) 

Distance from a to d along vein 1, 3°6 cm. 

. heart along superior cava to b, 3°5cm. 

‘ heart to origin of right carotid, 2°8 cm. 

on electrodes on carotid to origin of superior thyroid artery, 6-5 om. 
ax origin of thyroid artery to thyroid gland, 0-7 cm. 

= electrodes on carotid to origin of carotid, 2°8 cm. 

fs point of eannuls in LEJ to d, Som. 


In this experiment, stimulation of the peripheral end of the right . 
superior laryngeal nerve had no effect on the circulation time of the 
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corresponding thyroid lobe. (Since branches of this nerve may be 
_ traced into the gland, entering it with the superior thyroid artery, and 
seeming more conspicuous than any of the pharyngeal twigs, it seemed 
worth while to see whether fibres capable of influencing the vessels 
were contained in them.) 

The mean of three readings of venous circulation time during 
stimulation of the peripheral end of the superior laryngeal is 8:95”, 
that of seven readings without stimulation, 8-9”; while the average 
of six readings of arterial circulation time without stimulation is 3:3”, 
and of two during stimulation, 3:55”. That the apparent small excess ~ 
of arterial circulation time during stimulation is not real, but almost 
certainly due to the small number of observations from which the 
average is drawn, is shewn by the “dummy” experiment unconsciously 
performed between 6.20 and 6.33 o’clock. Here the average of four 
observations marked “Stim.,” but in which there was really no stimu- 
lation, is 3°45”, while the average without stimulation is, as before, 33”. 

As we might expect, since stimulation of the peripheral end of the 

superior laryngeal does not affect the circulation time, stimulation of 
the sympathetic is still effective after section of that nerve. 
_ Thus, the average of four observations of venous circulation time 
on the right side with stimulation of the cephalic end of the right 
sympathetic below the level of the thyroid, after section of the right 
superior laryngeal nerve, is 11°75’; that of five readings without 
stimulation, 7°65”, a difference of 41”. The mean of two readings of 
arterial circulation time during stimulation is 3°6”, and of the same 
number without stimulation, also 3°6”.. In this case the (uncor- 
rected) thyroid circulation time is 405” without stimulation, 
and 815” during stimulation. In other words, itis doubled 
during stimulation. 

Passing up to the other end of the cervical sympathetic, we find 
that stimulation of its cephalic end just below the superior 
cervical ganglion also causes an increase in the circulation 
time of the thyroid lobe of the corresponding side. 

In Experiment 2 the right sympathetic was isolated below the 

superior cervical ganglion, cut, and the cephalic end stimulated. | 
: The average of three readings of venous circulation time during 
stimulation was 9°05”, and of two readings without stimulation, 6°6”. 
All these readings are marked, and, therefore, specially trustworthy. 
The clear difference is 2°45”; and the (uncorrected) thyroid circulation 
time is increased by 80°/, during stimulation. | 
6—2 
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In one of the readings with stimulation, taken at 8.6 o'clock, the 
circulation time is only 7°3”; but it is of interest that here the stimu- 
lation had been kept up for two minutes; and there is little doubt that 
the fibres the excitation of which can increase the circulation time were 
in this case getting exhausted. 

_ Exhaustion is sometimes indicated very strikingly by the move- 
ments of the image during stimulation. A second or two after stimu- 
lation has commenced (i.e. after a distinct latent period), the 
image (we are now supposing the electrodes to be on the internal 
jugular of the corresponding side) begins to move in the direction of 
increased electrical resistance of the vein. But if the stimulation is 
long kept up, the deflection may reach a maximum, and the image 
slowly fall back again towards its original position. 

The slowness with which the deflection following injection 
of the salt solution during stimulation begins is important 
_ auxiliary evidence of increased vascular resistance. : 

Experiment 3 is an example of the want of effect of stimulation 
of the central end of the vago-sympathetic below the level of the 
thyroid, after section of the other vago-sympathetic, on the circulation 
time of the thyroid lobe of the opposite side, in a case in which a 
distinct isthmus was present. I.do not think it is a waste Of space 
to quote such experiments, for although the result is what might be 

expected, they afford a valuable control of the positive experiments. 


EXPERIMENT 3. Young dog, about 6 months old, 2030 grams. 30 mg. 
morphia hydrochlorate subcutaneously. Cannula in right external jugular 
vein. Left internal jugular exposed above and below thyroid gland. Left 
carotid exposed in same situations. Vago-sympathetic isolated on both sides 
below thyroid. 

20 mg. curara subcutaneously. Artificial respiration. In the course of 
the experiment 30 mg. curara injected into blood. 

-Ligatured both vago-sympathetics, 

Distance of electrodes on internal jugular below thyroid, 3 cm. from 
junction with external jugular, and 2 cm. from level of lower end of thyroid 
gland. 
Distance of electrodes on carotid below superior thyroid artery, 1:5 cm. 
from origin of latter, and 6:5 cm. from origin of carotid. 

Distance of ligature on cephalic end of left sympathetic from upper end of 
inferior cervical ganglion, 2cm. Distance of ligature on central end of right 
vago-sympathetic from inferior cervical ganglion, 2 cm. 

Distance from point of cannula in right external jugular from its sanction 
with 3°5 cm. 
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Vascular Cire. | Galvanom. | Max. 
3 Time tract time reading | deflec. Notes 
‘ 6.51 Right ext. jug. to| 8°9’* | 223—352 | 129 | The left internal jug. was previously 
left int. be- ligatured opposite the thyroid glaad 
low and just below the entrance of the 
sup. thyroid vein, (which in this 
case was very small) so that all the 
blood from the left thyroid, and no 
other blood, passed ectrodes 
on the int. j 
53 Ss 9°1* | 823—967 | 144 | Altered box. The deflections are 
: now very distinct, and unusually 
large for ‘‘ double capillary” obs. 
.58 | Stim. =| 236-318 | 83 | Central end of right vago-symp. on 
3 stimulating el ectrodes. 
7.1 ‘i 9°05* | 112—213 | 101 
Moistened nerve and put a fresh 
piece of it on electrodes. 
Stim. ” 9°3 
-9 | Stim. 181—277 | 96 
11 “ft 8°65* | 68—177 | 109 | Rectum 84:6. 
Moistened vein ; altered box. 
18 | 4083—538 | 135 
Cephalic end of left symp. put on 
stimulating electrodes. 
.28 232—378 | 146 
-35 | Stim s 9°6 402—463 | 61 
.37 | Stim ‘ 11°8 590—652 | 62 
11°3 701—792 | 91 
41 111 790—900 | 110 | Box 1030. 
46 Right ext. 4:15" | 387—392 | 55 
left carotid just 
above ne of 
id artery 
| Stim. is 15* | 341—391 | 50 
- Put cent of right vago-symp. 
on stimulating electrodes. 
.53 | Stim. 3°35 | 371—427 | 56 
54 8°9 362—422 | 60 
.56 | Stim. 8°9 373—427 | 54 
.57 | Stim. 4°35 | 868—431/ 63 | Rectum 34:3°. 


The arrangement of the veins is shewn in Fig. 2. 


In Experiment 4 we have an instance of the venous circulation time 
of the right thyroid falling from 10” (average of four readings), before 
section of the right sympathetic, to 7°7” after section ; stimulation of the 
cephalic end of the same nerve below the gland at a later period in the 
experiment did not cause any distinct increase of the circulation time. 
The experiment is not a very good one, because in the heat of obser- 
vation I did not give sufficient attention to the fact that the temperature 
of the animal was rising and the circulation time consequently falling ; 
and I mention this to shew the — of controlling the tempera- 
ture, 
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Still there is something in the anatomical relations of the veins in 
this experiment which seems to be, partly at least, responsible for the 
-result, and even goes far, I think, to raise the latter to the high if some- 
what perilous dignity of “the exception which proves the rule.” For — 


Fie, 2. 


E, voto. 1, 2, 3, veins from left thyroid 
lobe—8 is very small. X, position of ligature. 
4, internal jugular vein above thyroid, very small, 


this was one of the cases in which a big vein ran down on the trachea 
in the middle line, collecting blood from both lobes of the thyroid, and 
falling into the internal jugular above the position of the electrodes. — 
Section of the right sympathetic, diminishing the vascular resistance 
in the right lobe, would allow of salt coming sooner through by that 
route than before; and this would not be affected by the vascular 
resistance remaining unchanged in the other lobe, for the beginning 


EXPERIMENT 4. Dog, 3500 grams. Put under morphia for operation. 
Cannula in left external jugular, Exposed right internal jugular and right 
carotid below thyroid. 20 mg. curara into blood, as animal could not be got 

_ properly under morphia. Artificial respiration. Isolated right vago-sympa- 
thetic below thyroid and separated vagus from sympathetic. 


Vascular Cire. | Max. 
Time | tract time deflect. Notes 
2.42 | Left ext. jug. to 9°75’ | — | 2e.c. 4% NaCl injected in all this ex 
right int. jug. except where otherwise 


ag 10°7 — | Rectum 87°. 
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Time Cire. | Max. 
3.24 Left ext. to; 77 
right int. jug 
31 “ 6°85 48 
38 Rectum 37°95°. Set up electrodes 
7 again, as some polarisation. 
4.20 7:3* 88 
.25 a 8°05* | 54 | Box 900. 
34 Left ext. jug. to| 535* | 36 
right carotid 
35 a 29 | Rectum 39-1°. 
Cut right vagus 
W 
5.49 4°35 
51 - 3 25 | Rectum 39-7°. 
ut cen ight vagus on 
stimulating electrodes. 
57 | Stim. (15) 3°25 47 
6.0 Stim. (11°65) 89 
3 | 42 
jug. to| 625 | 37 
| 
9 re 775 | 29 
15 6°5 43 
.20 vi 671 26 | Central end of right vagus still on 
, stimulating electrodes. 
21 | Stim. (11-5) 6°1* 34 
Stim. (7) 19 | Unsteady. 
.26 | Stim. (7) it 6°5* 42 
28 ” 5°85 
Cephalic end of right sympathetic put 
0 sym’ 
on stimulating electrodes. : 
46 61 35 
20 mg. curara injected into blood. 2 
7.0 Re 6°15 In this observation 4¢.c. of the NaCl | 
sol. were accidentally injected in- | 
stead of 2 ¢.c. 
Stim. (8) 5-7 81 
4 a 4-2* These obs. were taken after stim. was 
5 oe 5°15 29 stopped, the first one being taken 
5°95 21 immediately after. 
12 | Stim. (8) 55 | 28 
14 4°7 26 
21 | Stim. (8) 5°7* 15 
s 5:3 18 | This obs. taken immediately after pre- 
one. 
31 | "| Left ext. jug. to | 2°75 28 | 
: right carotid 
9 Now moistened artery on electrodes 
and readjusted box. | : 
| 6 Tho high 
Pulse per min. The high temp. 
has very greatly increased it. 


Animal died suddenly at 7.55. Blood stream failed all at once in the 
carotid. The temperature in the rectum 10 minutes later was 40-2°, 
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of the deflection would correspond to the circulation time of the shorter 
path, But stimulation of the cephalic end of the night sympathetic, 
although it increased the vascular resistance in the right lobe, would, 
leaving it unaffected in the left lobe, not increase the apparent circu- 
lation time. For salt would still be able to come through the freer 
path of the left lobe, and would cause a deflection the time of com- 
mencement of which would correspond to this path. | 


The arrangement of the veins is shewn in Fig. 3. 


Distance from cannula to a, 2°6 cm. 
” a to b, cm. 
b to heart, 1:7cm. 
Distance of electrodes from ¢, 2-5em. 
Pe c from heart, 2°8 em. 
electrodes on right carotid from heart, 
i electrodes on right carotid from origin of thyroid artery, “= 
Se Length of right thyroid artery, 1 cm. | 


REJ 


. RT 


LT 
LEJ 
Fic. 8 


REJ, LEJ, RS, LS, E, same as in Fig. 1. SC, superior vena cava. 1 and 2, the 
branches which form the internal jugular, 9, below the thyroid. 9 is larger than usual. 
2 receives branches from both thyroid lobes; it is a large vein. 3 is a vein which 
communicates both with 2 and with the left lobe and opens separately. It conveys most 
of the blood from the left lobe. 

4 is a vein in the usual position of the left internal jugular, but it is very small; 6’ is 
its upper continuation. 

5 is the left vena maxillaris externa. It receives a long thin vein, 7, from the upper © 
part of the left thyroid lobe. 6 is the small continuation of 1 above the thyroid to skull. 
8 is a small vein which communicates with the right external maxillary vein. 
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The above paper is based on experiments made by the author, while 
holding the George Henry Lewes Studentship, in the Physiological Institute 
at Strasburg. The results were embodied in a report to the Government 
Grant Committee of the Royal Society, dated March 22nd, 1892. The paper 
formed part of a Thesis sent in for the Goodsir Memorial Prize in the 
University of Edinburgh, April 30th, 1892, of which an abstract was read 
before the Physiological Society, June 25th, 1892. — 
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THE PROTEIDS OF NERVOUS TISSUES. By W..D. 


HALLIBURTON, M.D., FRS,, Professor of Physiology, King’s 
College, London. 


THE following investigation on the proteids of nervous tissues has in the 
main been carried out by the same methods as those I have previously 
used in my researches on the proteids of other organs’. The account of 


_ May experiments may be conveniently given under the following four 
divisions: = = 


1. Reaction of nervous tissues. 
2. Quantitative determinations of the composition of nervous 


~~ tissues, particularly in relation to the amount of proteid in them. 


3. The varieties of proteids which are obtainable. 
4. General conclusions. 


i. Reaction OF NERVOUS TISSUES. 


Heidenhain’ and Gechicidien® state that the seein reaction of 
the axis cylinder is alkaline ; on death, or on long-continued activity, — 
the reaction becomes acid. The grey matter is acid even during life. 
The acid is probably lactic acid. | 

O. Langendorff‘ found the reaction of the central nervous system — 
alkaline during life in frogs, rabbits, and guinea-pigs. The alkalinity 
rapidly diminishes after death or on stoppage of the circulation. 

J. Moleschott and A. Battistini® found both central and 
peripheral portions of the nervous system acid, especially the grey 
matter; this acidity was increased by activity. 


1 See this Journal, ‘‘ Proteids of kidney and liver.” Vol, x11. p. 806. 

2 Centralbl. f. med. Wiss. 1868, p. 833. 

3 Pfliiger’s Archiv, p. 171. | 

* Neurolog. Centralbl. 1885, No. 14. Centralbl. med. Wiss. 1886, No. 25. Maly’s 
Jahresb. 1887, p. 323. 

5 Arch, italiennes, vit. p. 90. Chem. Centraldl. 1887, p. 1224. 


- 
for: 
r 43 
ag 
& 
3 
= 
‘ 
4 
4 
¥ 
i 
x, 
3 
va 
> 
ig 
ne 


PROTEIDS OF NERVOUS TISSUES. 91 


My own observations may be very briefly stated. In animals, cats, 
dogs, and rabbits, the blood was washed out from the body immediately 


after death by a stream of salt solution. The brain, cord, and sciatic | 


nerves were then rapidly removed, and the reaction tested with delicate 
neutral litmus paper. In all cases the reaction was alkaline. On 
exposure, especially at a warm temperature, the alkalinity diminished ; 
the grey matter became acid; and in some cases the white matter and 
nerve became acid also, but this was not always so; they generally 
became more feebly alkaline or neutral, but not actually acid. 

In human brains received from the post-mortem room, the reaction 
of the grey matter, and in some cases of the white matter also was acid. 
_ It can hardly be doubted, however, that as twelve or twenty-four hours 
had usually elapsed after death that the development of acid had taken 
place during this time. 


In other words, like nearly all organs which have been similarly 


investigated, muscle, kidney, liver, etc. during life the reaction is 
alkaline. After death, katabolic changes lead to the formation of acid 


2. QUANTITATIVE COMPOSITION OF NERVOUS TISSUES. 


The amount of proteid matter in nervous structures is very consider- 
able. This was especially pointed out by Petrowsky*’. In round 


_ numbers he found that about half the solids in grey matter, and about 
a quarter of those in white matter, were proteid in nature. This fact — 


is very often lost sight of because attention has been so much directed 
to other substances like lecithin, cerebrin, and cholesterin. The brain, 
however, is like other protoplasmic organs chiefly proteid in nature, and 
this is especially marked where protoplasm as in the grey matter is 


most abundant. It appeared to me to be a subject of sufficient . 


importance for renewed research, and my numbers confirm those of 
Petrowsky. 

In determining the proteid it was also of course pecessary to estimate 
the proportion of solids to water. , 

Before, however, proceeding to an account of my own ential 
I give in tabular form the principal results which have been obtained 
by previous workers :— 


1 Pfhliiger’s Archiv, vu. p. 370. 
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Proportion of water per cent. in nervous structwres. 


| Mole- 
Bernardt? |Petrowsky* 

. Age | Age | 

in foetus | 99 30 | 70-94 


Grey matter |) 99 | 83 | 84 | 85 | 81 

matter 1 78 68 } 70 
pinal cord 73-76 68 

Nerves 64-72 57 


Leaving out the influence of age, which I have had no opportunity 
_ of investigating, these numbers shew that grey matter contains more 
water than white matter. 


Principal solid constituents of nervous structures. 


Proteids| Lecithin |Cholesterin| Cerebrin| Neuro- organi Salts 
Grey matter of |) 55.97 | 17-24 | 1868 | 0°53 6-71 145 
ox brain® | | 
ga 9:90 | 51-91 | 9-55 3:34 0:57 
Spinal cord’ 38 | 
| "39-57 | 12-22 sor 40. | 


These numbers shew more accurately than in my previous statement, 
the important quantity of proteid matter in nervous tissues, especially 
in grey matter. 

Passing now to my own experiments, we may consider first the 
methods adopted, and secondly the results obtained. | 

Tn the case of animals, the tissues were obtained blood free in the 

_ manner already described. In the case of human brains and cord this 


1 Quoted by Gamgee. Physiol. Chem. p. 445. 2 Ibid. 446. 
3 Pfliiger’s Archiv, vu. p. 367. 

* Quoted by Charles. Physiol. Chem. p. 335. 

5 Maly’s Jahresb. x1v, 346. 

6 Petrowsky. loc. cit. 

7 Moleschott. loc. cit. 

8 Josephine Chevalier. Zeitsch. physiol, Chem. x. p. 97. 
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- was not possible. The membranes were removed, and portions of 
different parts of the central nervous system were removed. In order 
to estimate the proportion of water and solids, these were placed in 
weighed capsules and weighed, and then put into an air bath at the 
temperature of 110—115°C. until the weight was — and they | 
were weighed again. 

In order to estimate the cialis of proteids, weighed portions of 
the tissue were finely divided, and placed in spirit for some days. They 
were then removed from the spirit and ground up in a fresh quantity of 
spirit in a mortar. This was repeated several times with cold spirit, 
and hot spirit, hot absolute alcohol, cold ether, and boiling ether. The 
extraction was continyed until the alcohol and ether used gave no 
residue on evaporation. 

By this means, nothing but proteid matter al proteid-like sub- 
- stances (nuclein, neurokeratin) was left in the residue. The residue 
was collected in a weighed filter of /known ash, dried at 110° to constant 
weight, and weighed. The filter and residue were then incinerated in 

a weighed crucible, and the amount: of ash deducted. The final result 
‘gives approximately the amount of proteid. The small admixture of 
neurokeratin* would cause a small error. 

In the case of nerve there would also be an error tows admixture 
~~ with the collagen of the connective tissue sheaths of the nerve. 

In some analyses a different method was pursued. The residue of 
proteid was dissolved in a mixture of sulphuric and phosphoric acid, 
and the amount of nitrogen determined by Kjeldahl’s method. This 
was multiplied by 6°37 the number recommended by Sebelien’; but 
the results were found to be invariably much higher than those obtained 
by weighing. The number 6°37 assumes the presence of 15°7 per cent. 
of nitrogen in proteids. It is well known that the percentage of 
nitrogen in proteids is not a fixed quantity; and it is usually higher in 
_ globulins than in albumins. Other experiments had shewn me that the 
proteids in nervous tissues were like globulins in their solubilities ; and 
other experiments still shewed that the proteids were three in number. 
In such a mixture it was obviously impossible to obtain a constant 
multiplier. All one could hope for was an approximate result. Accord- 
ingly an extract of brain was made with distilled water; this was 
filtered, faintly acidified and boiled. The resulting coagulum was 


a Grey matter 0°3 ; white matter 2°2 to 2°9; nerve 0°83 to 0°6 per cent. Gihne and 
Chittenden. Zeitsch. f. Biol. xxv. p. 291.) 
2 Zeitsch. f. physiol. Chem, x11. p. 135, 
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collected, and this was weighed and subjected to the ponent process, 
The result in two such experiments was as follows: 


(1) 0°1506 gr. of coagulated proteid (allowance being made for the ash, 
ascertained by incinerating another portion) gooue Zhe of nitrogen. This 


_ corresponds to 16°54 per cent. 


(2) 0°1156 gr. yielded 0°01932 of diteene. This corresponds to 1671 
per cent. 


The average of the two estimations gave a of in 
the mixed proteids of brain of 16°62. 


This number was taken as the basis in further calculations ; i] nd 
gives 6°01, and 6:01 was the multiplier used throughout instead of 6°37. 
Even then, the numbers Sbtained by this method are a little over those 
obtained by weighing, but the two series agree very well, and probably — 


the differences are within the limits of experimental error. 
The following tables give the results that were obtained. 


Taste 1. Monkey No. 1. 


Water Solids 
Cervical cord 69°677 30323 
Doraal cord 66-667 33-333 
- Taste 2, Monkey No. 2. 
Water Solids 
Grey matter of brain 82-835 17°165 
White matter of brain . 71°430 28°570 
66-932 33-068 
Lumbar cord 74°766 25-233 
Taste 3. Monkey No. 3. 
Percentage of Proteids 
| By By By By 
| weight | 
cord 70549 | 29-451 | 9723; — | 33014| — 
Dorsal cord 65:897 | 34:103 | 10030; — | 29-411) — 
Lamber cord 78-360 | 26640 | 8834} — | 33160; — 
g0-184 | 19-186 | 10:504 | 10-261 | 54-747 | 53-481 
matter of 62.589 | 31-418 | 11-052 | 11-676 | 35-145 | 37-163 
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TaBLe 4, Dog. 
Percentage of Proteids 
ED In fresh tissue In dry tissue 
| By By 
By ni DY itrogen 
- Cervieal cord 71-722 | 28378 | 9-296 | 9-758 | 32-793 | 34-667 
Dorsal cord 68-285 | 31-715 | 9-606 | 10-276 | 30-288 | 32-369 
Lumbar cord 70°147 | 29-853 | 10-358 | 11-036 | 34-696 | 36-967 
of |\go-102 | 17:898| — | 9-103 50-860 
White matter of ; 
jro 258 | 29°742| — | 13-025 43-792 
TaBLE 5. Oat No. l. 
Percentage of Proteids. 
By By 
By | ni itrogen 
weight estimation| weight 
Cervical cord 71-689 | 28311 | 8012} — | 28-299| — 
Dorsal cord 65-819 | 34-181 | 10022 | — | 29323) — 
Lumbar cord _—| 70-702 | 29°298,| 8:252| — | 28168| — 
matter of | 17-689 | 9-907 | 10-092 | 55-984 | 56-826 
matter of 69.158 | 30-842 | 9:275| — | 30-758| — 
Cerebellum 78°678 | 21:322 | 8623 | 8871 | 40-441 | 41-135 
TaBLeE 6. Human brain and cord No. 1. 
os Percentage of Proteids, by weight 
Water | Solids 
In fresh tissue | In dry tissue 
Cervical cord 75182 | 24-818 8-663 34-902 
Dorsal cord 74-237 | 25-763 8-514 33-047 
Lumber cord (73-616) | (26-384 9-845 33524 
Grey matter of brain | 85:147 | 14-853 7582 51-040 
White matter of brain | 68°763 | 31-237 8-951 28-655 
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‘This brain and cord was received 24 hours after death. It had undergone 
some exposure in transit from the post-mortem room, A note was made that 
the lumbar cord had dried up somewhat. This probably accounts for the 
small percentage of water found; the doubtful numbers in the above table 
are therefore placed within brackets. 


Human brain and cord No. 2. 


| TABLE 7, 


Percentage of Proteids, by weight 
Solids 


In fresh tissue | In dry tissue 


Cervical cord 

Dorsal cord 

Lower lumbar cord 
Grey matter of brain 
White matter of brain 
Cerebellum 


73°682 
73°305 
76°675 
84:575 
69-099 
78-480 


26-318 
26-695 
23°325 
15°425 
30901 


9:587 
8°243 
8-899 
8°785 
9°253 
9-543 


Human brain and cord No. 3, 


36°427 
30°879 
33°582 
56°953 
29944 
44°345 


of Proteids, by 
nitrogen estimation 
In fresh tissue | In. dry tissue 
cord 75363 | 24697 | 5-343 21-634 
Dorsal cord 75511 | 24:489° 5-299 21°638 
Lumbar cord 76-769 | 23-231 6°367 29-468 
Grey matter of brain 86-486 | 13-514 5-601 41-448 
White matter of brain | 727192 | 29-908 
Cerebellum 82269 | 17°731 


These three brains were all sent to me from subjects who had no nervous 
disease. 

The next table compares the water, solid, and proteid contents of the 
. spinal cord, and sciatic nerves. In all cases cats were used, and the proteid 
estimated by the method of weighing. 
a The very considerable variations in the composition of nerves contrast 
4 markedly with the analyses of other parts of the nervous system. Perhaps 
the varying amount of investing connective tissue will account for it. 
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TABLE 9. 
Percentage of proteids 
_. Animal Tissue Water Solids 
In fresh tissue | In dry tissue 
Cat 1 Spinal cord 
averages of : 2. 

thrse-andlynes 69°424 | 30°576 8 28-563 

_ (see table 5) 
Cat 2 Dorsal cord 70°650 | 29-350 7°866 26°800 
Cat 3. - | Lumbar cord 72°598 | 27-402 9-340 34°085 
Cat 4 Lumbar cord 72°112 | 27°888 |. 10-750 38°515 
Cat 5 Dorsal cord 70°248 | 29-752 8-188 37621 
Average Spinal cord 71007 | 28°993 31097 
Cat2 | Sciatic nerves | 66479 | 33521 | 12-054 35-959 
Cat 3 Sciatic nerves | 50°420 | 49-580 9-617 19°360 
Cat 4 Sciatic nerves | 65°803 | 34:197 9-598 28°066 
Cat 5 Sciatic nerves | 62°559 37:441 12°424 . 33°182 
Average | Sciatic nerves | 61316  38°684 10923 29°141 


The only other analyses I have performed in the same manner were done 
with rabbit’s brain. They however were of a preliminary nature in order to 
accustom myself to the methods used. I give the numbers wars — 
I am not inclined to place much reliance on them. 


10. 

Rabbit's brain, grey and white matter taken together. 
Solids Water 
22-785 77-215 26-282 
22-259 77°741 


| Leaving Table 10 out of account we may next ssenoead to the est 
results of all the other analyses. 


Taste 11, Grey matter of brain. 
Percentage of 
Total solids _proteids in solids 
Monkey No. 2 17-165 — 
No. 3 19-186 54 
17:898 51 
.. Nad 17°689 
Human No. 1 14°853 51 
No. 2 15-425 56 
No. 3 13°514 4] 
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Tasie 12. 


Monkey No. 2 
No. 3 


Cat No. 1 
Human No, 1 
No. 3 


TaBLe 14. 


(a) Cervical region. 


Monkey No, 1 
No, 3 


Cat No. 1 

Human No. 1 
No, 2 
eS No. 3 

Average 


(b) Dorsal region. 


White matter of brain. 


Percentage of 
Total solids __ proteids in solids 


98570 
31-418 
29-742 
30842 
31-237 
30-001 
29-908 
30°088 


Cerebellum. 


Spinal cord. 


Percentage 


36 
43 
30 


28 


? 


of 


Total solids proteids in solids 


30°323 
29°451 
28°378 
28°311 
24°818 
26°318 
.24°697 
27°471 


98 

Average 33 
TasLe 13. 
Cat Nol 21:322 41 
Human No. 2 21520 44 
No. 3 17-731 
Average 20°191 42 

33 

D 34 
28 

| a 34 

3 21 

31 

4 Monkey No. 1 33-333 hes 

No. 2 33-068 

No. 3 34103 29 

Dog 31:715 32 

4 Cat No. 1 34181 29 

7 No. 2 29350 26 

4 No. 5 29-752 27 

3 Human No. 1 25:763 33 

a No. 2 26°695 30 

No. 3 24-489 21 | 
Average 30°245 28 
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(c) Lumbar region. 


Monkey No, 2 
No. 3 
Dog 
Cat No. 1 
No, 3 
No. 4 
Human No. 1 
No, 2 
” No, 3 
Average 
| 15, 
Average of cervical region 


dorsal region 
lumbar region 


* 


26-640 
29-853 
29-298 
27-402 
27°888 
26°384 
23°325 
23°231 
27361 


Spinal cord. 


27°471 
30°245 
27°361 


Average of all observations 
| 28359 


Percentage of 
Total solids in solids 


We may now in a final —_ compare all these average results 


together. 
16, 

Pe of 

Grey matter of cerebrum | 83467 | 16588 51 
White _,, 69-912 30-088 33 
Cerebellum 79-809 20°191 42 
Spinal cord as a whole — 71°641 28°359 31 
Cervical cord 72-529 27-471 31 
Dorsal cord 69°755 30-245 28 
Lumbar cord 72-639 27°361 33 
Sciatic nerves 61:316 38° 684 29 


This average table illustrates dus may also be seen in the individual 
tables almost without exception, that the amount of grey matter, of 
water, and the percentage of proteid in the solids vary directly the one 
with the others. This is very well seen in the different regions of the 
spinal cord. The percentage of proteid matter in the white matter of 
the brain is a little higher than in the spinal cord. This is the only 
exception to the general rule, and perhaps may be explained by the 
high percentage of neurokeratin in white matter. 
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3. THE VARIETIES OF PROTEIDS OBTAINABLE FROM NERVOUS as 
TISSUES. 


Petrowsky in the investigation already mentioned, describes a 
globulin, somewhat resembling myosin, and an albumin especially 
abundant in grey matter which is coagulated at a temperature of 75°C. 

Baumstark in a more recent research’ speaks of the proteid matter 
of nervous tissue as being ‘ caseinahnilich.’ | 

In a preliminary communication’ I stated that the proteids present 
were all globulins, and that one of these, the most abundant in grey 
matter, resembled myosinogen very closely in its properties, and was 
absent from white matter. 

Since then I have found that this statement requires modification, 
and that Baumstark is right in connection with this so-called globulin; 
it resembles casein in being a nucleo-albumin. 

Before describing my positive results, it will be convenient first to 
describe certain negative results I have obtained. | 

Nervous tissues do not contain peptone. This is true for 
cerebrum, cerebellum, spinal cord and nerves, both in men and animals 
(cat, dog, rabbit, monkey). If the tissue is ground up with ammonium 


sulphate and a little water, and filtered, the filtrate contains no proteid — 


at all. 

Nervous tissues do not contain proteose. If the residue of 
tissue and salt in the above experiments is boiled and then extracted 
with water, the extract. contains no proteid. In other experiments, 
pieces of nervous tissue were left under alcohol for several months; they 
were then removed, dried at a low temperature and extracted with 
water. No proteid matter went into solution. 

Nervous tissues do not contain fibrin ferment. These ex- 
periments were tried with blood-free brain. A specimen of sodium 
sulphate plasma was diluted in the usual way with six times its volume 
of water. It did not coagulate for twenty-four hours. Another specimen 


similarly diluted, and a little fibrin ferment added coagulated in ten 


minutes, but other specimens to which an aqueous extract of cat’s brain, 
or pieces of the brain were added had not clotted at the end of twenty- 
four hours. 

In the same way aqueous extracts of monkey’s brain which had been 
placed under alcohol for some weeks, gave equally negative results when 
tested in a similar manner. 


1 Zeit. physiol. Chem, 1x. pp. 145—-50. 
* Proc. physiol. Soc. 1891, p. xiv. 
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I shall be presently speaking of a nucleo-albumin obtainable from 
the brain which produces intravascular coagulation. The solutions 
which produced this result were tested with extravascular (salted) 
plasma; these produced not only no hastening of the coagulation but 
even delay as compared with control specimens. I quote one illustra- 
tive experiment in full. — 

Sodium sulphate plasma from cat’s blood was diluted in each case 


to eight times its original volume and kept at the — of the 
air 18°C.: 


1. Diluted with distilled water ; this had not coagulated at the end of 
three hours, when the experiment was discontinued. 

2. Diluted with tap water; a slight clot formed i in 30 minutes. This 
accelerating effect, which is very commonly seen, is doubtless due to the 
calcium salts in tap water. 

3. Diluted with the solution of nucleo-albumin, which produced intra- 
vascular coagulation ; a slight coagulum appeared ‘at the end of three hours. 

4. Diluted with the same solution, which had been previously boiled. 
No coagulation at the end of three hours. 

_ 5, Diluted with distilled water, to which a drop of 2 per cent. solution of 
calcium chloride had been added. Coagulation began in 20 minutes but was 
not firm till 15 minutes later. 

6. Diluted with nucleo-albumin solution which had been previously 
warmed with a drop of 2 per cent. calcium chloride solution. Here there 
was a firm clot in 15 minutes. | 


This experiment also illustrates what is true for all these nucleo- 
albumins that produce intravascular clotting. I have found it to be the 
case with those from kidney, thymus, and spleen; their effect in 
promoting extravascular clotting is almost nil, unless they have been 
previously treated with calcium chloride; then they act like fibrin 
ferment. It is on this ground among others that Pekelharing 
considers that the nucleo-albumin is the mother substance (zymogen) 
of fibrin ferment. 

Nervous tissues do not yield myosin. The experimental 
methods which enable one to demonstrate the formation of a clot in 
muscle-plasma, yield a negative result with nervous tissues; in that 
they resemble lymph cells, kidney and liver. 

Nervous tissues do not contain albumin. If an extract of 
brain is made with a 5 per cent. solution of magnesium sulphate or 
sodium chloride a considerable amount of proteid goes into solution. 
This is completely precipitated by boiling after acidulation. If some of 
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the same extract is saturated with maguesium sulphate and filtered, 
the filtrate contains no proteid whatever or only the faintest trace. If 
the brain has not previously been freed from blood, one of course finds 
more albumin. 

The proteids which can be extracted in this way are ih iline 
precipitable by heat, or by saturation with magnesium sulphate. — 
Further, they are precipitable by dialysis. These facts, together with 
the circumstance that I was unable to prepare a nucleo-albumin from 
nervous structures by what I have called the sodium chloride method? 
led me to my previous erroneous conclusion that the proteids of nervous 
tissues are all globulins. | 

I can now pass to a systematic account of the Srperments in which 
I have obtained positive results, 

Fractional heat coagulation. I made extracts of the grey 
matter, and white matter of the brains of human beings, monkeys, dogs, 
cats, and rabbits, and of the spinal cord of the ox. The results closely 
corresponded in all cases when fractional heat coagulation was applied 
to these, and I may therefore state at once what these were. Grey 
matter, whether from brain or cord, gave precipitates at 47°, 56-—60°, 
and 71—75°C. The precipitates at 47° and 75° were flocculent; that 
at 56—60° sticky. White matter gave the same result except that the 
precipitate at 56—60° was either absent, or nearly altogether absent. 

Further, these three proteids do not merely differ in their tempera- 
ture of heat coagulation. They differ in another respect; namely, in 
the readiness with which they are precipitated with neutral salts; the 
proteid with lower coagulation temperature being precipitable more 
readily. I tested the matter in a quantitative way with magnesium 
sulphate, and found that the precipitation of the 47° proteid began 
when the amount of salt in solution was 30 grammes per 100c.c. and 
was complete when the percentage of salt reached 50. The precipitation 
of the 50° proteid began with a percentage of salt of 50 and was 
complete with 90. The precipitation of the 75° proteid began with 80 
per cent. and was not complete until saturation was complete. 

Further by this method, the three proteids could be obtained in a 
fairly pure condition, and it was then found that the middle term of the 
series (the proteid which coagulates at_ 56—60°) was readily precipitable 
by weak acetic aciq, and soluble in excess of the strong acid with some 
difficulty. In thjgmt differed from the others. 


1 This Journal, Vol, x11. p. 816. 
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Effect of artificial gastric digestion and phosphorus determi- 
mation. There are however more radical differences between these 
proteids than these. Further research showed that the first and third - 
terms of the series are globulins ; the second is a nucleo-albumin. 

The first indication I had that one or more of these proteids was a 
nucleo-albumin was obtained by making a phosphorus determination of 
the heat coagulum obtained by boiling a saline extract of the brain. 
This was freed from adherent lecithin by prolonged washing with hot 
and cold alcohol and ether, and then subjected to the same method for 
estimating phosphorus that I used in connection with liver and kidney 
proteids, 

0-3466 gr. of material corresponding to 0°3427 gr. of ash-free proteid, 
yielded 0-001934 gr. of magnesium pyrophosphate; which corresponds. to 
0°00056 gr. of phosphorus. The of was therefore 
0: 16 per cent. 


The heat coagulum of each of the three separate proteids was then 
separately collected, and having been washed free from lecithin, dried 
and weighed, was subjected to artificial gastric — for a week at 
35°C. 


0-14 gr. of the 47° precipitate gave only a small residue, namely ‘003 gr. 
Proportion of residue to original proteid = | : 47. 

0:79 gr. of the 56-60" precipitate gave a residue of 0-041 gr. Proportion 
of residue to original proteid=1:19. 

0: 67 of the 70-75° precipitate gave only an ‘casieeiducable residue. 


_ In other specimens the residue was further investigated; it was 
soluble in dilute alkalis, and precipitable from such solutions by acetic 
acid. Dissolved in nitric acid it gave a yellow crystalline precipitate 
with ammonium molybdate after being placed in the water bath at 
100°C. for some hours; thus showing the presence of phosphorus. In 
other words the residue consists of nuclein. This experiment shows 
that without doubt the 56—60° precipitate is a coagulated nucleo- 
albumin; that the 70—75° precipitate is a coagulated globulin. The 
small residue given by the 47° precipitate was not regarded as con- 
clusive; it might indicate that this proteid is a nucleo-albumin very 
poor in nuclein; or the residue might have been due to the fact that in 
heat-endeeilathon, which is a rather rough method of separating proteids, 
some of the nucleo-albumin might have been brought down at the 
lowest coagulation temperature. Further investigation showed that 
this latter explanation is the more probable. The nucleo-albumin 
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prepared by another method to be shortly described was found to 
coagulate at 56—60°, not at 47°; and further the 47° proteid ‘was 
obtained in a pure condition by fractional precipitation with magnesium 
sulphate in the manner already described ; the solution was coagulated 
by heat, the heat-coagulum was collected as before, and on subjecting it 
to artificial gastric digestion, 0°3 gr. left only an imponderable residue. 

_ It has been already mentioned that extracts of white matter yield 
the 56—60° precipitate in small quantities only, so differing from grey 
matter. Do the results of artificial gastric digestion experiments 
confirm this conclusion derived from experiments on heat coagulation ? 
They do, for the heat coagulum from grey matter obtained by boiling a 
saline extract yields a much larger residue on gastric digestion, than the 
heat coagulum similarly obtained from white matter. Approximately 
equal quantities were taken in each case and left in contact with an 
equal amount of artificial gastric juice for the same length of time. 
The residue from grey matter was from 6 to 9 times as great as that 
from white matter. The particulars of the experiment are as follows: 


(1) 0:7 gr. of heat coagulum from grey matter was left in contact with 
50 c.c. of artificial gastric juice for three days. The residue was collected, 
dried and weighed in the usual way ; it weighed 0-088 gr. | 

(2) 0-7 gr. of the same material treated in the same way left a residue 
of 0°11 gr. 

(3) 0-7 gr. of the heat coagulum of white matter similarly treated left a 
residue of 0-013 gr. | 

It will be noticed that the relative amount of residue is rather greater 
than in the experiments previously given. This is probably to be explained 
in two ways, (1) the proteid coagulum had been kept for nearly two months 
under alcohol before it was used, and (2) the length of time, three days, during 
which digestion was continued was shorter than in the previous experiments, 
where seven days were allowed. This, however, is a point of little importance, 
as the experiments with grey and white matter are strictly comparable one 
with the other. It need hardly be mentioned that the part which in all these 
experiments went into solution was converted into ‘peptone,’ the fluid giving 
_ @ brilliant biuret reaction. It was however noticed that in digesting the 
heat-coagulum of grey matter, the digestive mixture became of a reddish — 
colour. This pigment — no absorption bands, but was not further 
investigated. 


Preparation of brain nucleo-albumin. The sodium chloride 
method of preparing nucleo-albumin gives no yield of material with 
nervous tissues. By Wooldridge’s method, however, an abundant 
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supply is obtainable. In this the nucleo-albumin of brain resembles 
that of the liver, and differs from those of lymph cells, kidney, and 
testis, When a large quantity of material was needed, the brain freed 
from membranes and. blood was finely divided and extracted with a 
large quantity of distilled water. After twenty-four hours, the extract 
was poured off, and 0°5 c.c. of 33 per cent. acetic acid added to every 
100 c.c. of extract. After the mixture had stood for a few hours, an 
_ abundant precipitate settled, which was collected and washed with 
distilled water. It was readily soluble in weak alkaline solutions such 
as 1—2 per cent. solution of sodium carbonate. 

Suspended in distilled water various specimens were heated to 
_ different temperatures. The solubility of the heated proteid in 0°5 per 
cent. sodium carbonate was then ‘tested. It was found that a 
temperature of 50—60° was that at which it was rendered insoluble. 
This temperature corresponds exactly to the heat coagulation tem- 
perature of the nucleo-albumin as previously determined in saline 

extracts. 

: Subjected to artificial gastric digestion a residue of nuclein was 
left. undigested. 

‘Submitted to phosphorus determination after being freed from 
lecithin, it was found to contain 0°5 per cent. of phosphorus. 


1-995 gr. of material, equal to 1-980 of ash-free proteid, yielded 0-037 of 
magnesium pyrophosphate, which contains 0°103 of phosphorus. This corre- 
sponds to 0°53 per cent. 

If this number is compared to the percentage (0°16) previously given of 
the phosphorus in the total heat coagulum of the proteids which dissolve in 
saline solutions, we can obtain approximately the relative quantity of nucleo- 
albumin to the globulins in such an extract. The proportion of nucleo- 
albumin to globulins would be 30-2 : 69°8 or ahout 1 : 2. 


Further, the relative proportion of nucleo-albumin in grey and white 
matter can be tested by this method, and as before it was found that 
the yield of nucleo-albumin from white matter is small as compared 
with that from grey matter. The particulars of an experiment 
illustrating this are as follows: 


(1) 40 grs. of white matter from human brain were extracted with 
1500 oc. of water. 500 c.c. of the extract were precipitated with weak 
acetic acid. The precipitate was collected, washed with water, hot alcohol 
and ether till free from lecithin, dried and weighed. It was subsequently 
invinerated and the ash deducted. The final weight was 0°0141. The total 
amount from the 40 grs. would therefore be 0°0423 gr. | 
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(2) 40 grs. of grey matter from the same brain were simultaneously 
treated in exactly the same way. The total amount of nucleo-albumin 
obtained was 0: 154 gr. or nearly four times as much as from white matter. 


The only other property of brain nucleo-albumin which I will 
mention is one in which this substance resembles many other nucleo- 
albumins (sometimes described as tissue-fibrinogens). It is the 
property it has of producing intravascular coagulation. The substance 
dissolved in 1 per cent. sodium carbonate and filtered forms a perfectly 
clear, limpid liquid. When injected into the external jugular vein of 
rabbits (anaesthetised with ether) about 20 to 40 cc. are found 
necessary to kill the animal. The animal ceases: to breathe: there is 
no dyspnea; the heart is found beating at the necropsy, which is 
performed immediately. The intravascular clotting is, as in the case of 
nucleo-albumins generally, usually limited to the right heart, and veins. 
In some cases however coagulation was to a less extent found also on 
the arterial side of the circulation. 


4. GENERAL CONCLUSIONS. 


The chief facts described in the a pages may be briefly 
summarised as follows : 

1. The normal reaction of nervous tissues is alkaline. This 
alkalinity diminishes after death, and may be replaced by an acid 
reaction, This is most marked in the region where there are most 
cells, namely, in the grey matter. 

2. Quantitative determinations show that proteid matter is a very 
important constituent of nervous structures. The average amount of 
proteids in the solids of grey matter is over 50 per cent. It is less in 
the white matter, and in parts like the spinal cord which contain large 
quantities of white matter. It is less still in nerve. Grey matter is 
also the poorest in total solids, nerve the richest. In any region like 
the spinal cord where there is a mixture of white and grey matter, it 
will be found that the percentage of water, the proportion of proteid in 
the solids, and the proportion of gréy matter vary directly the one with 
the others. (See especially Table 16.) | 

3. Qualitative examination of this proteid matter shows that the 
proteids present are three in number. They differ in temperature of 
heat coagulation, in the readiness with which they are precipitated by 

neutral salts, and by acetic acid; one of them contains phosphorus and 
is a nucleo-albumin, so differing from the other two which are globulins. 
The most important characters of these proteids are the following :— 
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(a) This proteid is a globulin; it may conveniently be termed 
neuro-globulin a. It is coagulated by heat at the low temperature of 
47°, and is analogous to similar globulins which are found in all cellular 
structures ; such as cell globulin a of lymph cells, paramyosinogen or 
musculin of muscle, hepato-globulin a of the liver, and kidney globulin. 
Indeed this proteid seems to be as constant a constituent of proto- 
plasmic structures as the nucleo-albumins are. 

It is precipitated by a comparatively small percentage of such 
neutral salts as magnesium sulphate. It is not precipitated by weak 
acetic acid, It contains no phosphorus in its molecule. 

(6) This proteid is a nucleo-albumin. It can be readily prepared 
from nervous tissues by making a saline extract, but under these 
circumstances it is mixed with the other proteids. Attempts to obtain 
it by the sodium chloride method fail. It may, however, be prepared 
in large quantities by precipitating an aqueous extract of brain by 
weak acetic acid. The supply obtainable from white matter is small. 

It is coagulated by heat at 56—60°. Like globulins it is pre- 
cipitable by saturating its solutions with neutral salts; but more salt 1 is 
necessary than in the case of neuro-globulin a. 

It contains 0°5 per cent. of phosphorus. 

After subjection to gastric digestion, an unsoluble residue of nuclein 
remains behind. 

Dissolved in dilute sodium carbonate and injected into the vascular 
system of rabbits it causes extensive intravascular coagulation. 

(c) This proteid is a globulin. It may conveniently be called 
neuro-globulin 8, and is closely analogous to the hepato-globulin 8 of 
liver cells. It is coagulated by heat at 70—75°C.; it is precipitable 
by neutral salts, but requires complete saturation with magnesium 
sulphate to precipitate it entirely. It is not precipitable by weak 
acetic acid like the nucleo-albumin just described, and contains no 
phosphorus in its molecule. 


4. Peptone, proteose, myosin, ‘alien and fibrin ferment (in 
Schmidt’ s sense) are not obtainable from nervous tissues. 


March 29, 1893. 
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SOME FURTHER OBSERVATIONS ON URINARY 
HAZEMATOPORPHYRIN. By ARCHIBALD E. GARROD, 
M.A, M.D. F.RCP. 


In a former communication’ it was stated that not only is hemato- 
porphyrin present in small quantities in very many specimens of 
morbid urine. but also that in the urine of healthy individuals minute 
traces of this pigment can usually be detected by a method which was 
there described. A number of additional examinations which I have 
since made have only tended to confirm these statements, and to 
convince me that the substance which is present in traces in normal 
urines is identical with that which occurs in larger amounts under many 
pathological conditions. I should however mention that I have found 
that the washing of the phosphate precipitates obtained by the soda 
method is apt to remove small quantities of the hematoporphyrin 
which they contain, and. that when searching for minute traces ‘it is 
best to treat the filtered precipitate with acidulated alcohol, without 
any preliminary washing. 

In the present paper I propose to discuss a series of observations 
and experiments undertaken with the object of ascertaining in what 
form or forms the pigment exists in the urine as it is excreted. - 

Three different lines of enquiry suggested themselves as likely to 
throw light upon this question, viz. :— 

1. The direct spectroscopic examination of urines rich in hemato- 

porphyrin, without the addition of any reagent. | 
2. The study of the results obtained by the addition to normal 
urine of hematoporphyrin in neutral form. 

3. The examination of concentrated extracts obtained by shaking 
specimens of urine with solvents of hematoporphyrin which do not mix 
with water. 


1 This Journal, Vol. x11. 1892, p. 598, 
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1. Direct spectroscopic examination of specimens of urine rich in. 
This method should in itself afford a complete solution of the 
question under discussion, but urines sufficiently rich in haemato- 
porphyrin to show the complete spectrum are rarely met with, and 
even such specimens seldom yield satisfactory results, owing to the 
obscuration of the bands by the absorption due to other pigments. 

Some observers have stated that specimens which they have 
_ examined have shown the neutral spectrum, but, as far as I am aware, 
no one has yet described or figured the complete five-banded neutral 
spectrum as met with under such conditions. 

The spectrum figured by Stockvis' as that yielded by the original 
urine in his case resembles the alkaline rather than the neutral 
hematoporphyrin spectrum, there being only a single band in the red, 
half way between the solar C and D lines. 

Salkowski’s’ specimens showed a single faint in and 
three other bands. The addition of ammonia intensified the band in 
red, and rendered the second band fainter, but produced scarcely any 
change in the position of the bands. Salkowski found that when the 
hydrochloric compound of hematoporphyrin was added to normal acid 
urine, the urine showed the alkaline spectrum, and attributes this 
result either to dilution, or to the combination of the hydrochloric acid 
with the acid sodium phosphate. 

Hammarsten’, speaking of the urine of his fourth case, says :— 
“Das Spectrum dinas Harns zeigte, ausser einer sehr starken 
allgemeinen Lichtabsorption, vier Absorptionsstreifen welche die Lage 
der Streifen einer neutralen Hematoporphyrinlésung zeigten. Ein 
fiinfter Streifen war nicht zu sehen, und die vier obigen Streifen 
konnten nicht alle gleichzeitig, sondern bei ungleicher Verdiinnuny, 
beobachtet werden.” | 

Copeman‘ describes the spectrum of the urine of one of Ranking 
and Pardington’s patients as that of neutral hematoporphyrin, but 
he adds that it was practically unchanged by the addition of ammonia. 
Moreover there was a suspicion of a fifth band in the extreme red 

(A 658—638) close to the C line, which corresponds in position with the 


1 Nederlandsch Tijdschrift voor Geneeskunde, 1889, p. 418 and plate, fig. 1, 
_® Zeitschrift f. physiol. Chemie, xv. 1891, p. 287. 
3 Skandinavisches Archiv fiir Physiologie, 11. 1891, p. 340. 


* Pathol. Soc. Trans. xu1. 1891, p. 366. See also MacMunn’ 8 report. Lancet, 1890, 
ii. p. 608. 
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first band of the five-banded alkaline spectrum, and is far nearer 
to the extreme red than the first band of the neutral ‘spectrum. 

In some instances urines rich in hematoporphyrin have shown only 
two bands, resembling those of oxyhzemoglobin, although the presence 
of unchanged blood pigment could be excluded. Hammarsten 
suggests that these bands may be due to some parent substance of 
hematoporphyrin. 

T have myself observed these two bands on several occasions, and in ~ 
many specimens have seen three or four hematoporphyrin bands 
indistinctly, but in only one specimen which I have examined have the 
bands been so clearly defined that a definite opinion could be formed as 
to the exact form of hematoporphyrin which was present. The only 
doubtful point is whether the spectrum observed on examining the 
urine is that shown by neutral or by alkaline hematoporphyrin, and 
_ these two spectra resemble each other quite sufficiently closely to make 
it possible to mistake the one for the other, 

The urine above referred to was that of a patient with Cirrhosis 
Hepatis, which was of a deep orange colour, and was acid in reaction. 
The blue end of the spectrum was considerably obscured, but three 
bands were clearly seen which had the following positions :— 

1, X622—A614. | 
2. 2 589—579—563. 
3. 537—526. 

There was moreover, as in Copeman’s case, a very faint extra band 
in the extreme red near the C line, such as is seen in the five-banded 
alkaline spectrum described by MacMunn (A 647—A 633), and further 
investigation showed that the alkaline spectrum of the pigment isolated — 
from this urine was undoubtedly five-banded. The addition to the 
urine of sodium hydrate made no material change in the spectrum. 

There could be no doubt that in this urine at any rate the 
hematoporphyrin showed the spectrum which is yielded by its alkaline 
solutions, and although the statement that the pigment existed in this 
form in an acid urine appears, at first sight, paradoxical, I shall, I think, 
be able to show that there is here no real anomaly, but that the 
observation is in complete agreement with what is to be expected on 
chemical grounds. 


2. 00 the cddition-af 
solutions to normal, acid urine. 


A considerable quantity of a solution of hematoporphyrin ee 
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five-banded neutral spectrum was prepared by the action of sulphuric acid 
upon hemoglobin ; extraction with chloroform ; washing the chloroform 
solution with distilled. water; evaporating to dryness ; and dissolving 
the residue in rectified spirit. A series of experiments was carried out 
by adding portions of this solution to specimens of normal urine, of acid 
reaction, in such quantities that the urine showed the hematoporphyrin 
bands. clearly. Such specimens always showed the four-banded 
spectrum yielded by alkaline solutions of the pigment, in place of the 
original neutral spectrum, and this was so even when the acidity of the 
urine had been considerably increased by dissolving 7 in it a few small 
crystals of acid sodium phosphate. 

Moreover the addition of a very small nuenkibe of the urine to a 
portion of the neutral solution sufficed to produce an immediate change 
from the neutral to the alkaline spectrum, the greater concentration of 
the solution rendering the change even more striking when the | 
procedure was thus reversed. 

Nor is it necessary that the hzematoporphyrin solution should be 
neutral in order that this effect should be obtained, for as Salkowski 
showed when just sufficient hydrochloric acid has been added to bring 
out the acid spectrum, and the pigment is then added to the urine, 

the urine will still show the alkaline spectrum as before. 

These experiments seemed to show conclusively that, even if the 
natural hematoporphyrin did not enter the urine in the form in which 
it exists in alkaline solutions, it would assume that form in the urine 
itself. If however the pigment is convéyed to the kidneys by the blood 
it must enter the urine as the sodium compound, since this compound 
must necessarily be formed in a fluid such as blood which is rendered 
alkaline with sodium carbonate. : 

It is a well-known fact that organic acids do not alter the alkaline 
compounds of hematoporphyrin, but the acidity of urine is almost 
certainly due not to an organic, but to a mineral acid, viz. acid sodium 
phosphate (NaH,PO,), and it therefore seemed desirable to study the 
action of this substance upon hzematoporphyrin solutions. 

Phosphoric acid, like other mineral acids, readily combines with 
hematoporphyrin, and the compound formed yields the ordinary acid 
spectrum. The action of acid sodium phosphate is however much less 

simple, for, although it possesses the power of changing the spectrum 
of solutions of the pigment to the acid type, this change is not observed 
until a high degree of acidity is reached. 

When a crystal of acid sodium phosphate is allowed to dissolve 
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slowly in a saleiion of neutral heanatoporphyrin: in alcohol and water, 
the solution being aided by occasional shaking, the first change observed 
is the substitution of the alkaline for the acid spectrum, presumably as 
a result of the combination of the pigment with some of the sodium of 
the acid phosphate ; later, but not until the solution has become strongly 
acid, the alkaline is in turn replaced by the neutral spectrum, and 
ultimately if the process is allowed to continue, and if enough water be 
present, this is once more replaced by the acid spectrum. _ 

This series of changes seems to offer an explanation of the 
behaviour of urine towards the pigment, and indeed if aa solution of 
acid phosphate more acid than urine is prepared, and to it is added 
some hematoporphyrin in neutral solution, the liquid will show not the 
neutral, but the alkaline spectrum. 

If however a specimen of urine to which hematoporphyrin has been 
added, and which shows the alkaline spectrum, be rendered strongly acid 
by dissolving in it a quantity of acid sodium phosphate, one dves not 
observe a change to the neutral spectrum, but to a spectrum of mixed 
type in which the bands of the acid and alkaline spectra become, so to 
speak, superposed. Possibly the fact that neutral hematoporphyrin is 
insoluble in water may have some share in bringing about this result, 
for much of the pigment is precipitated under these conditions, and 
may be removed by filtration. 

In face of the above observations it seems difficult to: suppose that 
the hematoporphyrin which is present in urine as such can have any 
other form than that in which it exists in alkaline solutions, especially 
when it is remembered that it almost certainly enters the urine as the 
sodium compound. 


3. Eaamination of extracts obtained by shaking specimens of urine 
with solvents of hematoporphyrin which do not mix with water. 


The discussion of the results obtained by this method has been left 
to the last, because, for reasons to be presently explained, they cannot 
be accepted as affording conclusive evidence of the form in which the 
pigment is present in the urine. Nevertheless these results are 
possessed of considerable interest from other points of view, especially 
as regards the presence of a fifth band in the alkaline spectrum of some 
specimens of urinary hematoporphyrin, and the frequency with which 
preformed hematoporphyrin, as distinguished from a chromogen or 
parent. substance of this pigment, is present in the urine under a 
variety of pathological conditions. 
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Nencki and Sieber’ obtained such extracts by shaking the 
; acidulated urine of animals, to which they had administered hamato- 
porphyrin by the mouth or sub cutem, with amylic alcohol; and Riva 
and Zoja* have recently described a process by which the pigment 
may be isolated from urine in an almost pure condition, the first stage 
of which is the shaking of the urine with amylic alcohol. 

I therefore employed amylic alcohol in a considerable number of 
examinations, and found that, as Riva and Zoja state, the extracts 
obtained with purified amylic alcohol contained, in addition to urobilin 
and often uroerythrin, considerable amounts of heematoporphyrin, when 
that substance was present in moderate quantity in the specimens 
examined, 

The addition of a few drops of acetic aid greatly facilitates the 
removal of the pigment by the amylic alcohol, and such addition is not 
objectionable for the present purpose since it can be shown that the 
acetic acid makes no difference in the spectra of amylic extracts. 

The presence of the impurities above referred to rarely interferes 
materially with the observation and measurement of at least the most 
important of the hamatoporphyrin bands, and from a large number of | 
specimens I have obtained extracts which showed these bands with 
great distinctness. 

In my cases when the bands were well defined the spectrum 
observed was always that of hematoporphyrin in combination with an 
alkali, and not the neutral spectrum. Measurements of the positions 
of the bands and comparison of the spectra established this clearly, 
and absolutely conclusive evidence was obtained by the addition to 
the extracts of a very minute quantity of hydrochloric acid, when the 
neutral replaced the alkaline spectrum, the two narrow bands before D — 
coming out quite distinctly. 

Moreover in some instances the amylic extracts showed the five- 
banded alkaline spectrum with much distinctness, and in the urine of 
two patients in particular these bands were seen day after day, far more 
clearly than in specimens obtained from urine by auy other process, the 
extra band near the C line being as clearly defined as in any specimen 
obtained by the action of reducing agents upon hematin or upon 
ordinary hsematoporphyrin. 

No one examining these extracts could possibly have doubted the 


1 Archiv f, Experimentelle Pathologie und Pharmakologie, 1883, xx1v. p. 430. 
2 Sulla ricerca clinica dell’ ematoporfirina nelle urine. Gazzetta Medica di Torino 
1892, p. 423, 
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correctness of Mac Munn’s statement that the spectrum of urinary 
hematoporphyrin in alkaline solution is sometimes five-banded’. _ 

‘Any possibility of confusing this with the five-banded neutral 
spectrum is at once removed by measurement or direct comparison, for 
the sécond band in red of the alkaline has the same position as the 
first band of the neutral spectrum; and there are in addition certain 
other important differences, notably i in the position and character of the 
third band. 

This form of the pigment is apparently very nahi for an extract 
obtained from such a specimen by the soda process yielded the four- 
banded alkaline spectrum ; and simple acidification with a mineral acid, 
followed by the addition of ammonia, brought about a similar change. 
In this respect this urinary five-banded pigment resembled more closely 
that which I have sometimes, but rarely, obtained by acting with 
sulphuric acid upon hemoglobin, than that prepared by the reduction 
of hematin. This latter I had previously found to retain its characters 

J when added to normal urine, and afterwards — by the soda 
process, 


Comparison spectra | . of Amylic extracts 
Urinary heema- | Urinary hema- | I Ill IV | 
in neutral in alkaline | Four-banded Four-banded Five-banded Five-banded ...« 
alcoholic (ammoniacal) spectrum spectrum spectrum spectrum — 
solution solution 
 624—614 | \ 624—616 624—618 624—614  624—616 
 586—552 582—570 | \ 597—586—563 | 597—582—561 |. \ 597—582—563 
15435294 | 1548596 | 0559-629} 549594 546—526 540524 
515—481 | \ 5183—486 | \517—?  506—484 515—493?  515—? 


1 Since the above was written there has appeared a very interesting and valuable 
paper by L. Zoja, (‘Su qualche pigmento di alcune urine &c.” Archivio Italiano di 
Clinica Medica, 1898, xxx. p. 63). Zoja shows how very commonly hematoporphyrin 
is present in morbid urines, especially in cases of hepatic disorder, and describes and 
figures the spectra of the amylic extracts obtained by him, as identical with that of 
hematoporphyrin in alkaline solution. He also observed the extra band in red in some 
cases, but regards its appearance as connected with the acidification of the urine before 
extraction with amylic alcohol. He also concludes that hmamatoporphyrin is present in — 
the urine in the form in which it exists in alkaline solutions ; —s usegunee 
anomaly by the absence of any free acid from the urire. 
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_ The compounds which hematoporphyrin forms with alkalies are 
more stable than those with mineral acids, as may be readily seen by 
washing with distilled water chloroform solutions showing the acid and 


alkaline spectra respectively. 
From the acid solution the acid is s readily washed away and the 


neutral spectrum appears, whereas repeated washing produces no 
change in the spectrum of the solution of an alkali compound. More- 


over the presence of a very minute trace of alkali suffices to change the 


neutral to the alkaline spectrum, and it was therefore necessary to 
exclude any possibility of error from this cause. __ 

On testing the purified amylic alcohol with which I was working by 
shaking it with a neutral alcoholic solution of hematoporphyrin which 
had been diluted with water, I found that the amylic extract obtained 
showed the four-banded alkaline spectrum, but that if the amylic 


alcohol was first washed with dilute hydrochloric acid, and afterwards. 


with distilled water, the amylic extract showed the five-banded neutral 
spectrum. Although the amylic aleohol which had been treated with 
acid still yielded urinary extracts which showed the alkaline spectrum 
as before, the above observations seemed to offer a serious objection to 
the employment of this substance for the purpose in hand, and other 
solvents were accordingly tried. 


. Chloroform took up only a trace of the pigment when shaken with 


urine, and the spectra observed were too faint to be of any use. 
_ Acetic ether yielded extracts paler than those obtained with 


amyl alcohol, but which also showed clearly the bands of hemato- 
- porphyrin combined with an alkali. However even the acetic ether — 


employed, which had a distinctly acid feaction, produced some change Seis ‘ 


in the spectroscopic characters of the pigment; for when it was shaken 
with a neutral alcoholic-aqueous solution, the extract still showed the 
second band in red, but the general appearance was that of the alkaline 
and neutral spectra superposed. So unstable indeed is neutral 
heematoporphyrin that, the more one studies the spectroscopic changes 
in nearly neutral solutions, the more perplexing do they become; and 
the more difficult to reconcile with the accepted views as to the 


significance of the various spectra. For instance, when a chloroform | 


solution showing the acid spectrum is washed with distilled water, the 
spectrum, usually changes to that of the neutral form; but sometimes 
the alkaline spectrum appears instead, and this may happen again and 
again as often as the solution is reacidified with mineral acid and the 
washing is repeated. 
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Tetrachloride of carbon when added to a neutral solution readily 
took up the pigment, but the solution obtained showed most definitely 


the four-banded alkaline in place of the neutral spectrum. 


A chromogen of Hematoporphyrin appears to be present in some 
specimens, 

The development or intensification of the Se bands 
in the spectrum of urines which have been allowed to stand has been 
noticed by several observers (MacMunn’, Salkowski, Hammarsten), 
and Riva and Zoja found that the amylic extracts occasionally exhibited 
the same phenomenon; whence they conclude that a chromogen is 
sometimes present, which like the sone pigment is taken up by 
amyl alcohol. 

I have myself noticed this both with urine and with amylic extracts 
on several occasions, but, on repeating the observations on a later day 
with fresh specimens of the urines which behaved in this way, there 
has been no repetition of the phenomenon, and I am therefore unable 
to bring forward any fresh facts bearing upon the nature of the 
chromogen, which may perhaps be, as MacMunn suggests, the 
Urobilinoidin of Le Nobel. As this substance shows an absorption 
band like that of urobilin its recognition would be difficult, if not 
impossible, in the amylic extracts, which always show the urobilin band 
more or distinctly. 


-Hematoporphyrin in Urate Sediments. 


As a rule the urate sediments which form in urine on cooling do 
not contain any appreciable quantity of heamatoporphyrin, even when 
that pigment is abundantly present; but occasionally there may be 
obtained from such sediments a peculiar and interesting form or 


_ precursor of hematoporphyrin, which yields, in neutral or alkaline 


solution, a spectrum of two bands, resembling that of oxyhzmoglobin, 
and identical with that of hzmatoporphyrin which has been treated 
with zine chloride and ammonia. 

Although in the course of a study of uroerythrin I have examined 


many urate sediments in a manner to be presently described, I have 


only met with two in which this modification was present in large 
amount, although the extracts obtained from a number of others have 
shown the two characteristic bands very faintly. 

‘This may possibly be the substance which yields the bands 


1 This Journal, x. 1889, p. 82. 
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resembling those of oxyhemoglobin sometimes seen on direct spectro- 
scopic examination or urines rich in hematoporphyrin, and it certainly 
exhibits very close affinities to the pigment — by Stockvis from 
the dialysed urine in his case. 

It was when isolating uroerythrin by an sia process described 
by Riva’ that this pigment was first obtained. A pink urate sediment 
was dissolved in hot water, and the warm aqueous solution was shaken 
with amyl alcohol, by which means a pink extract was obtained which - 
showed, in addition to the uroerythrin bands, which were rather faint, 
two very dark bands reading as follows :— 

1, 2» 586—570. 
2. 2X 552—532. 

There was also seen a fainter urobilin band. : 

On evaporating a portion of the extract to dryness a residue was 
obtained which was readily dissolved by acetic ether (an excellent 
solvent of uroerythrin), and in the course of a few hours the acetic ether 
solution showed, in place of the two bands above described, a peculiar 
modification of the neutral hematoporphyrin spectrum, the bands 
reading as follows :— 

624—620. 
604—592. 
» 582—565. 
555—552. 
543—520. 
» 506—582. 

This resembled the spectrum figured by Stockvis as that of a 
neutral solution of the pigment isolated by him from the original urine 
in his case. 

A further study of the remainder of the two-banded pigment 
showed that :— : 

1. Mineral acids at once changed the spectrum of the solution to 
that of acid hematoporphyrin. 

_ 2, Ammonia left the two bands unchanged, and when the solution 
was reacidified with acetic acid no modification was observed. 

8. From the solution so acidified chloroform took up the pigment, 
the chloroform solution having a pink tint and showing the same two 
bands. 

4. On evaporation the chloroform solution left a ak residue 
which was scarcely, if at all, soluble in cold, but was readily dissolved 
by hot absolute alcohol. The alcoholic solution showed the same bands. 


1 Gazzetta Medica di Torino, x11. 1892, p. 1. 
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The resemblances between the properties of this pigment and those 
of the substance obtained by Stockvis’ by dialysis, is very striking. 

In another instance a similar pigment was obtained by treating in 
the same manner a very scanty urate sediment which formed on the | 
addition of a few drops of acetic acid to the urine of a different patient, 
but on subsequent occasions urate sediments from the urine of the first 
patient contained mere traces of the substance. 

In other specimens the two bands were seen after shaking the 
amylic extract with a concentrated solution of common salt, which took 
up this pigment but not the uroerythrin by the absorption due to which 
substance the bands had been masked. Ordinary hematoporphyrin 
cannot be removed from amyl alcohol by this means, yet I have never 
succeeded in obtaining the two-banded pigment by shaking the amylic 
extracts obtained directly from urine, with salt solution. — 

The resemblance of this form of hematoporphyrin to that obtained 
by Stockvis led me to attempt its separation, from the urine of the 
patients in whose urate sediments it was found, by dialysis, but hitherto 
without success, The distilled water in which the dialyser was 
suspended was only very faintly tinted after many hours, and from it 
amylic alcohol only removed traces of urobilin. | 

The seemingly constant association of this form of the pigment with 
urate sediments suggested the following experiment:—A faintly 
alkaline (soda) solution of hematoporphyrin was added to a saturated 
solution of ammonium urate in hot water. The sediment which formed 
on cooling, unlike the urinary sediments, carried down the bulk of the 
pigment; was pink in colour, and when dissolved in hot water gave it 
up to amylic alcohol, yielding an extract which showed the ecmsragd 
four-banded alkaline spectrum. 

The pigment under discussion exhibited striking soniilibiness to 
zinc hematoporphyrin, not only in its two-banded spectrum, but also in 
the fact that this spectrum was not changed by alkalies, whereas on 
the addition of a mineral acid the bands of acid hematoporphyrin at — 
once appeared. It seemed therefore not improbable that it might be a 
compound of the pigment with some other dyad metal, such as calcium 
or magnesium ; but the calcium compound it could hardly be, since that 
is insoluble in amyl alcohol, nor is it I believe dissolved by any liquid 
which does not decompose it; and I have not succeeded in obtaining 
the two-banded spectrum by treating a solution of gesagt tm 
with magnesium chloride and ammonia. — 


‘1 Loe. cit. p. 415. 
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THE ACTION OF SODIUM OXALATE ON VOLUNTARY 
MUSCLE. By F.S. LOCKE, BA, late Scholar + John’s 
College, Cambridge. 


(Preliminary Communication.) 


_ THE work of Messrs Howell and Eaton! on the action of “oxalated 
blood” and of sodium oxalate on the frog’s heart leads me to state here 
most summarily the results of an investigation, began in January and 
not yet concluded, of the action of sodium oxalate on the voluntary 
muscle of the frog. This continues work done in Prof. Hering’s 
laboratory at Prague two years ago on the action of physiological salt 
solution on voluntary muscle, an account of which is now being printed 
in Pfliiger’s Archiv. 

Shortly then, sodium oxalate has a most marked action on voluntary 
muscle. A grass frog’s sartorius immersed in a ‘75 °/, sodium oxalate 
solution becomes in a few seconds violently active, undergoing an 

exaggeration of the movements of a similar muscle in a “normal 
_ saline” solution so well described by Biedermann. In the course of 
half to three-quarters of an hour, it becomes motionless and is no longer 
irritable to electrical stimuli, but does not pass into rigor, being little 
if at all shortened, and retaining all the flexibility and other physical 
characteristics of a still living muscle. A sojourn of one to two hours 
in New River tapwater ‘6°/, sodium chloride solution (containing lime) 
makes the muscle once more very distinctly electrically irritable. Any- 
thing like a complete restoration of irritability I have not yet obtained 
and is probably not to be obtained. 

I have not yet made a histological examination of a sartorius acted 
on by a °75°%/, solution of sodium oxalate. The results of one will 
possibly be of interest. 

The addition of a small percentage (‘025—'1) of sodium oxalate to 

1 This Journal, p. 219. 
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pure ‘6°/, sodium chloride solution increases greatly its chemically 
stimulating action described by Kiihne, Biedermann, and Ringer, 
and equally increases what may be termed for shortness’ sake its — 
veratrine-like action; the main features of which will be found described 
in my paper in Pfliiger’s Archiv: one obtains at one time and another — 

_ the whole series of contraction remainders, lengthened contractions, 
“ dicrotic’” contractions, and tetanus or tonus-like contractions. 

We have in the direct action of sodium oxalate on Muscle the 
explanation in all probability of the “fibrillares Muskelzucken” and 
“starkes Muskelzittern” found by Kobert and Kiissner to be a 
symptom of sodium oxalate poisoning, and ascribed by them to an 
action on the central nervous system. 

I shall give later the detailed _— and theoretical discussion 
of the results obtained. 3 
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ON THE RESULTS OF LIGATION OF THE CORONARY 
ARTERIES. By W. TOWNSEND PORTER. (Pl. IL.) 


I. 


THE experimental study of the influence of an interruption of the 
coronary circulation on the action of the heart may be said to have 
begun with Erichsen(6), It is true that Chirac(¢) had tied a coronary 
artery in a dog nearly one hundred and fifty years before, and had seen 
the heart soon after cease to beat, yet this isolated observation appears 
to have borne no fruit. Perhaps Chirac would have gone further had 
the physicians of his day taken much interest in the coronary arteries, 
but the frequency and serious consequences of the disease of these 
vessels were then and for many years thereafter quite unknown. 

Chirac had long been dead when Morgagni(14), Thebesius(l4) and 
Crell(14) observed calcification of the coronary arteries. It was near 
the end of the eighteenth century, before Jenner(!)) and Parry (16) 
associated Angina pectoris, the new disease which Rougnon(1§) and 
Heberden(%) had shortly established, with this calcification, and 
Jenner made his celebrated diagnosis of John Hunter’s malady. 
The death of Hunter(10 in 1793 in a paroxysm of angina, and the 
discovery that his coronary arteries were indeed calcareous, as J enner 
had predicted, was a great stimulus to the clinical and pathological study 
of these vessels. This interest, with some fluctuations, has continued to 
the present time and has been especially strong in the past ten years. | 

Erichsen, as we have said, was the first to make an experimental 
study of this theme. His research appears to have been incited by the 
opinion of Marshall Hall(8) that an interruption of the coronary circu- 
lation was a frequent cause of sudden death. His first experiment was 
as follows: “A moderately large dog, about two years of age, was pithed ; 
artificial respiration was then set up by an assistant, the thorax opened, 
and the heart exposed as rapidly as possible, It was acting forcibly and 

_ * The numbers after authors’ names refer to list of cited works, p. 135 et seq. 
PH, XV. 3 9 
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pretty regularly from 90 to 100 beats per minute. Fine silk Siacees 
were then introduced under the coronary arteries, as close as possible to 
their origins, by means of one of Liston’s small nevus needles (a 
curved needle with an eye near the point fixed in a handle), as it was 
found impracticable to tie the vessels in the usual way, whilst the 
heart was acting strongly. The ligatures were then tied, about six 
minutes after the death of the animal, the heart covered up by means 
of a portion of the walls of the thorax that had been removed, and 


artificial respiration continued. At 12 minutes after the ligature of the 


vessels (18 after the death of the animal) the heart was beating from 
36 to 40 per minute. At 17 minutes it had fallen to 28—30. At 21 
minutes the action of the ventricles had ceased, with the exception of a 
slight tremulous motion. The auricles still acted, and continued to do 
so for some time longer” (p. 561). In a second dog, the ventricles 
ceased beating in three minutes after the vessels were tied. These 
experiments were repeated on five rabbits of from eight to ten weeks of 
age. Ventricular standstill occurred in 24, 22, 21, 31 and 22 minutes 
respectively. 

Twenty years after this work of Erichsen’ s, Panum(16) filled the 
coronary arteries and the aorta of a young dog by injecting from the 
truncus anonymus a mixture of tallow, wax, oil and lamp-black. He 
observed very exactly the action of the heart before, during and after 
the injection. - Before the injection the cardiac movements were pretty 
regular, 80—90 in the minute. During the injection they were altered 
only in so far that the rhythm (on account of the high temperature of 
the injection mass) became quicker, and that the contractions of the 
left side of the heart, which was strongly distended with blood, dimi- 
nished in extent. This latter phenomenon, he says, can be attributed 
with probability to the circumstance that the blood which flowed con- 
tinuously to the left heart was not able to flow away. The left ventricle 
continued to beat 75 minutes, the right ventricle 90 niinutes after the 
injection. Panum concluded that the lack of oxygenated blood does 
not bring the heart to an immediate standstill. 

The Wiirzburg laboratory published in 1867 two researches on the 
coronary circulation. The clamping of the rabbit’s coronaria m 
(the left coronary artery) near its origin caused no immediate alteration 
of the pulse rate in the majority of the experiments. When an altera- 
tion was observed it was more frequently a diminution than an increase 
of the rate: The usual course was that the heart beat with unchanged 
rhythm for 10—20 seconds, and then began to beat more slowly. This 
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slower rhythm regularly showed itself first in the left ventricle, the 
remaining parts making often two contractions to one of this chamber. 
The period of irregular rhythm was closed by fibrillar contractions of 
the left ventricle; the right ventricle and the auricles as a rule 
continuing to pulsate. This fibrillar contraction is described in un- 
mistakable terms in 9 of 20 animals. In 7 of these, regular pulsations 
returned when the clamp was taken from the coronary artery. The 
usual procedure was to remove the clamp when irregularity began, but 
even when the clamp was left on until complete standstill regular 
contractions usually came back after its removal. The longer the chest 
was open before clamping, the longer the interval between the latter 
and fibrillar contractions. The higher the aortic pressure after closure 
of the coronary artery, the quicker the pulsations of the left ventricle — 
became irregular. With high intracardiac pressures standstill may 
suddenly replace normal heart beats. Hearts brought to standstill may 
be recovered by the use of electric shocks, by artificial contractions 
(massage), and by stimulation of the vagus. v. Bezold(2) concludes that 
on closure of the coronary arteries the contractile power of the heart 
quickly sinks even when the regularity of the contractions is preserved. 
He regards the cause of fibrillar contractions “als eine sehr schnell ohne 
merkliche Zwischenriume getrennte Reizabgleichung vom Centralorgan 
zum Herzmuskel, die in benachbarten Abtheilungen des Herzens nicht 
mehr gleichmissig geschieht” (p. 284). 

The second (3) of the two Wiirzburg papers concerned alterations of 
the heart beat following elosure of the coronary veins. It was shown 
that in the rabbit closure of all the coronary veins produces fibrillar 
contractions after 15—20 minutes have passed. 

The value of the experiments of v. Bezold and v. Bezold and 
Breymann is diminished, at least in so far as the purposes of the 
present research are concerned, by the fact that the spinal cord or the 
vagus had been cut or the brain removed before ligation. v. Bezold’s 
estimate of intracardiac pressure was eae on carotid curves recorded 
with a mercurial manometer. 

In the Comptes rendus, Jan. 10, 1881, appeared a notice of thé work 
of G. Sée, Bochefontaine and Roussy(®), on the sudden arrest of 
the rhythmical contractions of the ventricles of the heart after closure 
of the coronary arteries. These observers operated on curarized dogs 
narcotized with morphine, chloral or a mixture of the two. Some 
received daturine. Ligation of both coronary arteries near their aortic 
origin was followed in one or two minutes by sudden standstill of the 


9—2 


2 
4 
x 
iz 
a 
‘ 
A 
/ 
| 


124 W. TOWNSEND PORTER. 


ventricles, their regular contractions giving place to an irregular tremb- 

ling of the muscular faisceaux, more intense in the right ventricle. The 

same result followed ligation of the anterior (left) coronary or of two of 
its principal trunks. In one case, arrest followed ligation of the pos- 

terior (right) coronary alone. In another case, the ligation of this artery 

produced no appreciable effect during five minutes ; the anterior coronary 

was then tied and convulsive movements appeared. The conclusion is 

drawn that closure of the right coronary artery causes the arrest of the 

heart less rapidly than closure of the left coronary. Standstill appeared 

almost immediately after the injection into the coronaries of about 2 c.c. 

of water charged with lycopodium spores, a fact which leads the authors 

to exclude the injury of perivascular nerves as a cause of the fibrillar 
contractions, The opinion was advanced that the fibrillar contractions 

produced by the ligation of the coronary vessels is analogous to that 

caused by faradization of the ventricle. 

In this same year, 1881, B. Samuelson(!9) compressed the left 
coronary artery after v. Bezold’s method in five lightly curarized 
rabbits, The contractions of a frog’s gastrocnemius, the nerve of which 
rested upon the ventricle, was used to show the changes in the intensity 
of the ventricular contractions. Samuelson sums up as follows: 
(1) With weak animals, speedy standstill of the heart. (2) With 
stronger animals, a weakening of the left ventricle, shared by the right 
ventricle in only slight degree. (3) In the majority of the latter cases, 
a simultaneous diminution of the frequency of the rhythmic contractions 
of the heart. (4) As a consequence of the diminished contractile force 
of the left ventricle, a congestion (Stauung), overfilling, and finally 
standstill of the left auricle. (5) Restitutio in integrum followed several 
times after a closure of two minutes’ duration, once indeed after closure 
of four minutes; the consequence of closure for a longer period was 
standstill of the heart and death (p. 31). 3 

Samuelson’s contribution was followed by the important work of 
Cohnheim and v.Schulthess-Rechberg(5). These observers operated 
for the most part on curarized dogs; morphium was used in two cases 
only. The average result of their experiments is thus described (p. 513). 
The closure of one of the large coronary branches has no immediate 
influence on the action of the heart. Towards the end of the first minute 
single beats begin to drop out. The number of intermittent beats 


increases. The action of both ventricles becomes plainly arythmic ; 


regular pulses of the former quickness being followed by pauses in dias- 
tole, which are in turn followed by contractions in slower or quicker 
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succession. A clearly perceptible slowing in the rate of beat appears 
together with or shortly after the first irregularities. Meanwhile arterial 
pressure remains of the same mean height. During the arythmia a 
slight sinking of the arterial pressure shows itself for the first time. 
Suddenly the strongly beating, although somewhat irregular ventricles 
cease to beat, and the arterial pressure sinks to the abscissa. This 
standstill appears on the average 105 seconds after ligation, and is abso- 
lutely irreparable. ‘Both ventricles stop in diastole, while the auricles 
continue to beat regularly and strongly, but somewhat less frequently. 
_ Ten or twenty seconds pass thus, then both ventricular muscles fall into 
exceedingly rapid, fluttering movements, somewhat like peristalsis. 

The irregularity in force, in Cohnheim and Rechberg’s experi- 
ments, was much more prominent than the change in frequency. 
- Sometimes, with simultaneous writing of carotid and pulmonary curves, 
the diminution in frequency appeared earlier in the left ventricle than 
in the right. In rare cases the heart beat regularly up to the very 
last beat. With respect to the onset of arythmia, it made no differ- 
ence whether the circumflexa, or the descendens, or both were ligated. 


_ In 75—77 sees., on an average, arythmia began. But after ligation 


of the small coronaria dextra, irregularities did not appear before the 
end of the third minute, and at least five minutes elapsed before stand- 
still When irregularities were well established, the two ventricles 
showed a frequent asynchronism, but so long as the irregularity 
consisted merely in the dropping of single beats, no difference between 


the two was apparent. The blood pressure was unchanged, or showed : 


only an unimportant alteration until the rapid fall at standstill. Stand- 
still was sudden, simultaneous in both ventricles and uniformly fatal. 
Fenoglio and Drogoul(?) clamped or ligated .a coronary artery in 
fifty dogs. Their conclusions are quite opposed to those of Cohnheim 
and v. Schulthess-Rechberg. The irregularities in the arterial 
pressure, on which Cohnheim lays much stress, were according to 
these observers merely the result of the traumatic lesions of the 
operation. They do not admit that the arrest of the circulation in a 


part of the myocardium has any influence on the arrest of the whole — 


heart. 

Some of Cohnheim’s statements were ‘ital also by 
McWilliam (13) in his paper on fibrillar contraction of the heart. Mc- 
William declares that the dog’s ventricle may recover its normal 
co-ordinated rhythm even after fibrillar contractions have lasted a 
considerable time (p. 299). 
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While the experiments, described in the following pages were making, 
a paper by K. Bettelheim(!) was published in the Zeitschrift fir 
klinische Medicin. This observer finds that soon after ligature of the 
coronary artery the rate of beat is somewhat slower, and this slowing 
becomes marked immediately before cardiac standstill. The pressure in 
the carotid artery falls while that in the left auricle rises ; hence the fall 
in arterial pressure is not due to dilatation of the blood vessels but to a 
loss of contractile power in the left ventricle. This weakening in con- 
tractile power does not extend to the right ventricle, for the pressure in 
the jugular vein, in one experiment, and in the pulmonary artery, in a 
second experiment, did not show any alteration of importance until 
just before heart death, at a time therefore when the pressure in the 
left auricle was already high; then the Pressure in the pulmonary 
artery rose slightly. | 

Bettelheim’s paper concludes the list of experimental investigations 
in this field*, Seldom have the results of physiological studies been 
more at variance. The attentive reader finds no statement that is not 
denied, no fact not in dispute. These controversies would alone compel 
@ new examination of the interesting phenomena in question, and the 
necessity of further research is increased by the knowledge that changes 
in intracardiac pressure following closure of the coronary arteries have 
been inferred rather than determined, and have never been studied 
with the improved methods of the present day. 


II. ANATOMICAL. 


The arteria coronaria sinistra divides a few millimeters from the 
aorta into the ramus descendens and the ramus circumflexus. 

The ramus descendens passes downwards in the intraventricular 
_ groove, giving off two sets of branches, the one running to the left into 
the wall of the left ventricle, the other running backwards into the 
ventricular septum through the interstices in the musculature. In 
addition to these branches, the descendens gives off, very close to its 
origin, the ramus septi, which immediately plunges deeply into the 
intraventricular septum and is not seen on the surface of the ventricle. 


* IT have not included Lukjanow, because he gives only a preliminary notice of his 
work and does not say by what méthods his observations were recorded or whether they 
are true of dogs or rabbits, or of both these animals. I have not been fortunate enough 
to find any papers by him on this subject other than those cited in note 12. 
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The ramus circumflexus passes around the left side of the heart in the 
furrow between the auricle and the ventricle. 

The arteria coronaria dextra runs a course analogous to that of the 
r. circumflexus. 

Thus the intraventricular septum receives its blood supply from the — 
arteria septi and the other septal branches of the descendens ; the rest 
of the left ventricle is supplied by the remaining branches of the 
descendens and by the circumflexa; and the right ventricle by the 

coronaria dextra. 

_ Many.authors believe that the coronary arteries in man anastomose 
only by means of the capillaries and the minute branches nearest them 
in size, and Cohnheim (l.c., p. 508) makes a similar statement regard- 
ing the dog’s coronary arteries. Porter(17) has recently shown that in 
the dog the coronaria dextra and the r. descendens, circumflexus and 
septi are truly terminal arteries (Endarterien), and that their closure is 
followed by sudden anemia and subsequent infaretion of the capillary 
areas which wey supply. 


IIL. METHODS. 


Dogs were used in my experiments. The 2nd, 3rd, 4th and 5th dog 
of the series of 32 recorded here were given a small quantity of morphia. 
Voluntary movements were prevented by curare, from 7 to 12 cc. (in 
one case, 15 c.c.) of a solution made by allowing 1 gr. to stand in 
100 c.c. of water, being injected under the skin of the trunk. 

The heart was reached by a nearly bloodless resection of part of the 
six upper ribs on the left side. The edges of the pericardium were 
stitched to the edges of the thoracic opening. The length of the - 
operation was noted in several instances, as a factor of importance in 
determining the reaction of the ventricle to ligation of its arteries. 
In Exp. X., the pericardium was opened 18-minutes after the first 
tracheotomy incision. In the next operation, Exp. XI., 40 minutes 
elapsed between the first tracheotomy incision and ligature of the 
ramus septi. In Exp. IX., the pressure in the left ventricle, and the 
contractions of the right ventricle were recorded, and the coronaria 
dextra, septi and circumflexa successively tied, the entire experiment 
occupying 100 minutes. 

The arteries ligated were the coronaria dextra, the descendens, the 
circumflexa and the septi. The coronaria dextra was tied about 1 cm. 
from the aorta, and the various branches of the arteria coronaria sinistra 
very near their origin. The arteries were freed from their beds for one 
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or two millimeters, great care being taken to operate with the least 
possible injury to the peri-arterial tissues. In each case a careful 
dissection post-mortem put the efficiency of the ligature beyond doubt. 
The coronaria dextra, the descendens and the circumflexa may be pre- 
pared without the loss of a drop of blood and without injury to the 
surrounding parts, except the adipose tissue in which the arteries are 
imbedded. The preparation of the ramus septi is difficult, and involves 
necessarily a slight laceration of the ventricular tissues. 

In the course of the investigation fifty arteries were prepared for 
ligation. In no case did the operation per se produce a serious: dis- 
turbance of the heart’s action. As a rule, no disturbance referable 
to the operative procedure could be noticed. Exceptionally, a slight 
irregularity in the force or the frequency of the ventricular stroke was 
_ observed, but this alteration was almost invariably transient and to all 
appearances unimportant. My results are therefore opposed to the 
conclusions of Fenoglio and Drogoul, who declare that the alterations 
in the action of the ventricles following ligation of the coronary arteries 
are due to the mechanical insults of the operation. 3 


IV. THE FREQUENCY OF STANDSTILL, THE INTERVAL BETWEEN 
LIGATION AND HEART FAILURE AND THE EFFECT OF LIGATION UPON 
THE RATE OF BEAT AND THE SYNCHRONISM OF THE VENTRICLES. 


Standstill followed ligation of a single artery 10 times in 26 cases. 
The ligation of the septal branch was wholly unsuccessful, and the 


Frequency of standetill after ligation of a single artery. 


: Number of Standstill No standstill 
Artery ligated ligations followed followed 


Oor. dextra 
Descendens 
Circumflexa 


coronaria dextra scarcely more effective, while in striking contrast is an 
almost uniform standstill following ligation of the circumflexa. 

_ In 14 dogs a second artery was tied, the closure of the first not 
having caused standstill. Of these — ligations, 9 were successful 
and 5 unsuccessful. 
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First artery tied | Second artery tied|  Standstill No standstill 
Cor, dextra Circumflexa 3 1 

Cor. dextra Descendens 
Cor. dextra Septi 1 
Septi Cor. dextra 1 1 
Circumflexa Descendens 1 

Descendens Circumflexa 4 


Three ligations were made in 5 Stancatill followed with- 
out exception. 

In considering these oh we cannot lose sight of the fact that 
standstill might after all have occurred in some of the cases in which 
no standstill is recorded, provided the time of observation had been 
sufficiently prolonged. I sought to exclude such mistakes by waiting 
for ten to thirty minutes after ligation. If the heart then showed no 
signs of approaching standstill, if the ventricles had never lost or had 
regained an apparently normal stroke, it was considered that this 
particular ligation was not sufficient to stop the ventricles. The im- 
pression gained by observation of the heart was that this conclusion 
caused but little error. | 

The number of seconds during which the heart continued to beat 
after ligation varied with the artery occluded. The coronaria dextra 
furnishes three cases, 1002, 1008, 343 seconds. With the descendens, 
the average duration of activity in 8 cases was 233 seconds, the limits 
being 334 and 135 seconds. The time required for standstill was much 
less when the circumflexa was tied, the average in 11 cases being — 
119 seconds, the extremes 26 and 204 seconds. In a 12th case, the 
beat continued about 10 minutes. It might be supposed that liga- 
tion of a second artery, the first not having stopped the ventricle, 
would cause speedy standstill. This idea is not borne out by the 
facts. The accompanying Table shows the effect of successive ligations. 


Seconds required for standstill after ligation of one or more arteries. 


Artery No. of | When first | No. of | When second | No. of . When third 
cases | artery ligated | cases | artery ligated | cases | artery ligated 

Deseeuas 4 206 secs. 3 155 secs. 2 245 secs. 

Circumflexa 3 125 ,, 2 142 ,, 
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A pause was made after each ligation, as explained in the preceding 


paragraph. 


The frequency of the heart was estimated by scuntiie the upstrokes 
in curves of intraventricular pressure recorded with the aid of a cannula 
inserted through the auricular appendix and coupled to a Gad 
manometer, Seconds were marked by a Baltzer clock and Pfeil 
chronograph. In 12 animals the intraventricular record was controlled 
by a myogram from the surface of one of the ventricles. It will be 
convenient to first consider the frequency in the cases in which ligation 
was not followed by standstill. In the 14 experiments in which no 
standstill followed ligation, the frequency was unchanged in 12 and 
diminished in 2. In one of these latter, the diminution was only 
temporary. The remaining cases, ligation with standstill, were 22 in 
number: in six, the frequency was unchanged; in one, the rate 
remained unaltered to the last six seconds; in another, the rate rose 
one beat in ten seconds, sixty seconds before standstill ; and in a fourth, 
the frequency was unvaried throughout the observation, but the last 
ten seconds were not recorded; in 4 animals, ligation sooner or later 
increased, and in 9 diminished frequency. 


‘De back bind tha some 


Exp. Arteries ligated Yes No Method of observation 
II | Descendens yes | 
III | Descendens yes Pressure-curves, both ventricles 
V_ | Descendens and | yes 
exa 
VIL | Cor. dextra and es 
circumflexa 
X | Cor, dextra yes Eye 
XI | Septi and cor, yes Eye 
dextra | 

XIII | Cor, dextra, septi| yes Pressure-curve, left ventricle, and 

and descendens | myogram, right ventricle 

XVI} Branch of cor. | yes Pressure-curve, left ventricle, and 

dextra and cir- myogram, right ventricle 
cumflexa 

XIX | Cor.dextra,branch| yes | Pressure-curve, left ventricle, and 
of descendens and myogram, right ventricle 
circumflexa 

XXI | Descendens and no | My both ventricles 

XXIT} Descendens and no | Eye 
circumflexa | 
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- Both ventricles cease to beat as a rule at the same moment. Such 
was the fact in 9 cases of 11 observed. In 7 of these, a graphic 
registration was employed. In one of the two exceptions, the graphic 
record showed that the right ventricle beat one second longer than the 
left. In the other, the right ventricle beat 93 seconds after the left had 

ceased. It is particularly interesting that this synchronism in stand- 
still was the same no matter which ventricle the ligated arteries 
supplied. 

The moment when fibrillary contractions began was observed in 10 
instances. In 6, they followed standstill instantly. In 4, they are 
noted as appearing respectively 2 and 3 seconds, “within a few 
seconds,” and “very promptly” after the standstill. 

The standstill was always permanent. When fibrillary contractions 
had once set in, the ventricles could not be made to beat again. 

The conclusions reached in this section are briefly : 

1. Ventricular standstill was never observed after ligation of the 
arteria septi alone, rarely observed (18 p.c.) with the arteria coronaria 
dextra, frequently (50 p.c.) with the descendens, and almost uniformly 
(80 p.c.) with the arteria circumflexa. 

2. Ligation of two of the above-named arteries failed to stop the 
ventricles in 5 out of 14 cases. In each o the 5, the coronaria dextra 
was one of the arteries tied. 

3. Ligation of three arteries caused standstill always. 

4. The number of seconds during which the ventricles continued to 
beat after ligation varied with the artery occluded, and was shortest 
with the circumflexa. | 

5. Standstill did not occur more quickly after ligation of a second 
or a third artery than after ligation of a single artery. 

6. When standstill did not follow ligation, the frequency of the - 
ventricular beat was seldom changed (84 p.c.). 

7. When standstill followed ligation, frequency was sooner or later — 
usually altered. But some hearts (27 p.c.) beat with unchanged 
rhythm to the last. 

8. Asarule both ventricles stopped at the same moment (82 p.c.), 

no matter which ventricle the ligated arteries supplied. 
: 9. Fibrillary contractions followed standstill instantly (60 p. 2), 0 or 
: within a very few seconds. 
10. Standstill was always permanent. 


4 
a 
a 
q 
an 
ir 
~ 
al 


132 W. TOWNSEND PORTER. 


V. THE EFFECT OF LIGATION ON THE INTRAVENTRICULAR PRESSURE. 


The effect of ligation on the intraventricular pressure was noted in 
27 ligations made in 18 dogs. In 21, the height of ventricular up- 
stroke was diminished by the ligation. The other ligations were none 
of them followed by standstill. The diminution in the height of the 
upstroke was gradual and began almost without exception a very few 
seconds after closure of the artery. Accompanying this gradual fall in 
the maximum height of intraventricular pressure was a retardation of 
both the upstroke and the downstroke in the intraventricular curve, 
indicating an increasing slowness in contraction and relaxation. Fifteen 
hearts were investigated with reference to this matter, and the 
retardation was visible in all the curves. In one animal, many beats 
were slowed while others were exceedingly quick, and one heart gave 
occasional apparently normal beats until the final failure. The 
diastolic pressure is raised when standstill follows ligation. The 
curves* from 13 animals were used to determine this question, and the | 
diastolic pressure was found increased in every instance. 
_ Irregularities in the force of the ventricular contractions did not 
always appear. Of 10 sets of intraventricular curves in which no stand- 
still followed ligation, no irregularity in the force of the contractions 


Interval between ligation and onset of irregularity and standstill. 


Experiment | Artery ligated * Irregnlarities Btandstill 
III Descendens! 85 secs. 132 169 
IV -Descendens’ 135 
Circumflexa’ 145 158 
XI Cor. dextra* 60 110 343 

XIII Descendens* 82 95 
XVIII | Cor. dextra’ 77 80 108 . 
Circumflexa? 22 26 
RXV Circumflexa' 42 600 

| Descendens' | 144 264 

XXVIII | Circumflexa' | 48 145 


* The number placed after the artery indicates whether it was the lst, 2nd, or 3rd 
artery tied. 


could be observed in 7, and in one of the remainder, the irregularity in 
force was only temporary. Of 11 standstill cases, irregularities sooner 
* Previous to each experiment, it was proved by the usual methods that the writing- 


lever of the manometer returned accurately to the zero-abscissa when the manometer 
chamber was put at atmospheric pressure. 
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or later appeared in 10; in one of these, but a single beat was dropped. 
These irregularities never began within a few seconds of ligation, as 
does the fall in the maximum height of intraventricular pressure, but 
were separated by a much longer interval from the moment of closure. 
This interval is shown in the accompanying table. Where two figures 
are given, the second indicates the point at which or sae be 
said to be fairly established. | 


Summary of the changes in intraventricular pressure. 


1 gradual and continuous decrease in the height of the intra- 
- ventricular upstroke appeared almost immediately after ligation. 
When ligation did not cause standstill, this lowering of the upstroke 
was absent (22 p.c.) or transient. . 

2. Ligation was uniformly followed by a slowing of the upstroke 
and downstroke of the intraventricular curve. In a few instances, beats 
of normal or increased quickness were mingled with the retarded beats. 

3. When standstill followed ligation, the diastolic intraventricular 
pressure was invariably increased. 

4. Irregularities in the force of the hntrawenteioutes beat were 
seldom absent when the moment of standstill drew near; but when 
ligation did not cause standstill, —— were commonly absent 
(70 p.c.) or temporary. 


VL THE INFLUENCE OF ANZMIA OF ONE VENTRICLE ON THE 
CONTRACTION OF THE OTHER VENTRICLE. 


 K. Bettelheim() believes that ligation of the coronaria sinistra 
does not affect the contractile power of the right ventricle. He found 
that closure of this artery was followed by a rise of pressure in the left 
auricle and a fall in the aorta, and inferred that the contractile force of 
the left ventricle was weakened. Two experiments were made by him 
to determine whether this weakening extended to the right ventricle. 
A simultaneous registration of the pressure in the carotid artery and 
jugular vein showed that during the fall in arterial pressure after 
ligation the venous pressure rather sank than rose. In another 
experiment, the pressure was measured simultaneously in the carotid 
and pulmonary arteries. The pressure in the latter rose a little shortly 
before cardiac standstill. Bettelheim concludes that closure of the 
coronaria sinistra makes only the left ventricle insufficient. _ 
My experiments lead in part to similar results, Twice the pressure 
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in the pulmonary and the carotid artery was compared (Exp. XXIX. 
XXX). In neither case was any alteration in the pulmonary curve 
observed until just before standstill, when the curve rose very slightly. 
_A little further investigation, however, shows that these data are too 
few to establish Bettelheim’s conclusion. In Exp. II. the pressure in 
both ventricles was recorded simultaneously. Ligation of the ramus 
descendens was followed by irregularities in force which appeared in 
both ventricles, were almost perfectly synchronous, especially towards 
the last,.and were terminated by synchronous standstill. Experiment 
III. was very similar. Again cannulas were placed in both ventricles 
and the ramus descendens ligated. At 132 seconds, irregularities i in 
force appeared in both ventricles. Progressive diminution in the 
height of the upstroke and the slowing of both upstroke and down- 
stroke were evident in the right ventricle as early as in the left. The 
ventricle stopped beating at 169 seconds. These experiments show 
that the intraventricular pressure and the character of the contraction 
and relaxation in one ventricle may be speedily affected " ligation of 
a coronary artery supplying the other ventricle. 

Other observations strengthen this statement. In Exp. XVIII. 
ligature of the coronaria dextra was followed by marked irregularities 
in the pressure in the left ventricle. With still another heart, Exp. XI. 
the left intraventricular pressure-curve was recorded together with a 
myogram of the right ventricle. Sixty seconds after the ligation of the 
coronaria dextra, the pressure in the left ventricle showed a slight and 
transient irregularity ; at 110 seconds, pronounced irregularity set in, 
but it was not until 206 seconds that the myogram of the right 
ventricle began to be irregular, and standstill did not follow until 344 
‘seconds, In Exp. XVIII the diastolic pressure in the left. ventricle 
increased after ligature of the coronaria dextra, a fact difficult to 
reconcile with a diminution of contractile power in the right ventricle 
alone. 

The observations detailed above parinit the statement that the 
character of the contraction and relaxation of one ventricle may be 
speedily affected by ligation of an artery supplying a part of the walls 
of the other ventricle. 


VII. AN UNSUCCESSFUL ATTEMPT TO CONNECT FIBRILLARY 
CONTRACTION WITH FRAGMENTATION OF THE HEART. 


The recent work on fragmentation of the heart suggests the thought 
that fibrillar contractions may be due to an alteration in the cement 
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substance leading to an interruption of the contraction-wave. The 
contraction-wave would be thus prevented from running its usual course, 
and the normal coordinated action of the ventricular cells would give 
place to the confusion conspicuous in fibrillary contractions. 

I have made a search for fragmentation within and beyond the area 
supplied by the artery ligated. The method was similar to that by which 
Alessandro Tedeschi(2!) demonstrated the existence of fragmenta- 
tion in the human heart. Pieces about 1 c.c. in volume were placed 
for eight days in a large quantity of Miiller’s fluid diluted with an 
equal quantity of water; the fluid was changed every day. They were 
_ then placed for eight jaye} in Miiller’s fluid of full strength, the solution 
being frequently renewed, washed in water 24 hours, carried through 
30 and 70 per cent. alcohol, one day each, and hardened in 90 per cent. 
alcohol. Finally, the tissue passed through absolute alcohol, xylol, 
xylol-paraffin and pure paraffin. The paraffin sections were fastened to 
the object-glass with a mixture of glycerine and egg-albumin, and 
stained on the slide with hzsmatoxylin and eosine in the customary way. 

Specimens from six hearts were examined. The nuclei took the stain 
well, the striation of the fibres was distinct, and no difference could be 
made out between the cement substance in the anzemic area, and that 
in sections from a normal ventricle. 

Thus no proof of a break in the cement substance was secured. 
Without this proof, it would be hazardous to offer fragmentation as the | 
cause of standstill with fibrillary contractions. Yet it should be noted 
that the plausibility of such an explanation would not be destroyed by a 
failure to find anatomical evidence of such a break. For a change 
sufficient to block the passage of the contraction wave might not be 
recognizable with the present histological methods. 

The vivisections which form the basis of this paper were made in 
1892 in the Physiological Institute of the University in Berlin. I am 
much indebted to Prof. Gad for his unstinted support and for the 
liberality with which the resources of the Vivisectorium were put at my 
disposal, 
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On pages 3, 4 and 5, of the introduction to this Essay, Parry 
prints a most interesting letter from Jenner, in which the latter 
relates how he first got the idea that Angina Pectoris was due to 
ossification, or some similar disease of the coronary arteries. “ At 

_ this very time,” Jenner continues, “‘my valued friend, Mr John 
Hunter, began to have the symptoms of Angina Pectoris too 
strongly marked upon him; and this circumstance prevented any 
publication of my ideas on the subject, as it must have brought on 
an unpleasant conference between Mr Hunter and me, I men- 
tioned both to Mr Cline and Mr Home, my notions of the matter, 
at one of Mr Hunter’s Sunday night meetings; but they did not 
seem to think much of them. When, however, Mr Hunter died, 
Mr Home very candidly wrote to me, immediately after the dissec- 
tion, totell me I was right.” 
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A DESCRIPTION OF THE FIGURES IN PLATE. 


The curves were taken with Gad’s manometer, which was connected 
by a wide glass tube with a large cannula inserted in the left ventricle 
through the auricular appendix. In fig. 1, the time-curve records two 


seconds intervals; in the other figures, second intervals. All curves 
read from left to right. 
Fig. 1, Exp. XXII. An arrow shows the moment at which the 
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arteria circumflexa was ligated. Standstill with fibrillary contractions 
followed in 26 seconds. The fall in the height of the upstroke and the 
rise in diastolic pressure subsequent to ligation are evident. 7 

Fig. 2, Exp. V. The break in the curve indicates an interval of 25 
seconds, during which the circumflexa was tied. The change in the © 
character of the curve cannot escape notice. | 

Fig. 3. The last beats in the same curve from which fig. 2 was cut. 
Irregularities first appeared at 145 seconds, standstill taking place at 
158 seconds. | 

Figs. 4, 5, 6, 7 and 8 are parts of one curve, Exp. IV. fig. 4; was 
written before ligation ; the circumflexa was then ligated, but the only 
result was to lengthen the contraction and relaxation, as shown in fig. 5. 
In fig. 6, 91 seconds after closure, the effect of the operation has become 
very noticeable, and in fig. 7, 135 seconds after ligation, the slowing of 
upstroke and downstroke and the rise of diastolic pressure are so great 
as to plainly indicate a swiftly approaching failure. At 135 seconds 
the ventricles stop; the last three beats appear in fig. 8. 
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INFLUENCE OF SUGAR IN THE CIRCULATION ON 
| THE RESPIRATORY GASES AND ANIMAL HEAT. 


By VAUGHAN HARLEY, MD., M.R.CP.,. Grocer Research- ae 


Scholar. Teacher of Chemical Pathology, Un 


Wve orsity College, Lon- 
don. (Plates IIL, IV., V.) 2 


(From the Physiological Institute, Turin.) 


HAVING in previous papers’ shown that when grape-sugar is ng 
into contact either with defibrinated or non-defibrinated blood freshly 
withdrawn from healthy animals, such as the calf, rabbit, dog etc., it 
gradually disappears. And that this disappearance of sugar from blood 
though partly owing to some of it becoming entangled with the 

albumens during their coagulation (mechanical retention) is mainly due 


to its being transformed into some other product or products. Also - 


that the amount of sugar that disappears is proportional to the time it 
is in contact with the blood. And from finding that this still occurs in 


the absence of bacteria, it seemed to me probable that the disappearance __ 


of the sugar is due to its being split up and transformed into some 
other materials through the influence of an enzyme. 

On further extending the observations (in the Physiological 
Institutes of Christiania and Leipzig,) to the part played by grape-sugar 
artificially introduced into the living circulation, I found, in accordance 
with the results of Limpert and Falck’, as well as those of Brasol?, 
that the greater part of the sugar injected into the veins of a living 
animal is not excreted by the kidneys; but remains behind in the 
organism, 

I likewise observed that when 5 or 6 grams of grape-sugar per kilo 
of animal weight, are introduced into the jugular veins of dogs or 


1 Vaughan Harley. ‘‘The behaviour of saccharine matter in the Blood.” This 
Journal, Vol. xu. p. 891, 1891. Also ‘‘ Pathogenesis of Pancreatic diabetes.” Brit. Med. 
Journal, Aug. 27, 1892. 

* Limpert u. Falck. Virchow’s Archiv, Vol. rx. p. 56, 1856. 

* Brasol. _‘ Wie entleidigt sich das Blut” etc. Archiv f. Physiol. p. 211, 1884. 
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rabbits, it diminishes so rapidly that in from 1 to 2 hours the quantity 
of the sugar in the blood is restored to its normal amount. | 
The diminution of the sugar under these circumstances was shown 
by Weyert? not to be due to renal elimination ; for when the ureters 
are ligatured previous to the injection, the quantity of sugar in the 
blood is still greatly reduced in the short space of three hours. © e 
This disappearance of the sugar cannot be accounted for on the 
supposition of its having been either deposited, as such, in the tissues 
or of its having been transformed (as stated by other observers) into 


glycogen. For in no case whatever did I find a sufficient increase ~ 


either in the quantity of sugar or glycogen in the liver or muscles to © 


account for the loss of the sugar. 


In a later series of experiments performed in the laboratory of 
Prof. C. Ludwig (where Brasol and Weyert carried out theirs) I 
found, that as much as 10 grams of grape-sugar per kilo weight of dog, 
could be injected into the circulation after ligaturing the ureters and 
yet the quantity present in the blood fall to the normal, and in most 
cases even to less than the normal standard within from 5 to 6 hours 


after the injection had been made. 


It may be remarked that the ligature of the ureters seems to cause 


an almost instantaneous stoppage of the urinary excretion. For on 


killing dogs within an hour after the operation, the kidneys and their — 
surroundings are found to be edematous, and though the ureters above 
the seat of ligatute are filled with liquid, since the liquid contains no 


urea it ought to bé regarded rather as lymph than urine. The 


cedematous condition of the parts subside in from 2 to 4 hours, and 
within 5 hours after the ligatures have been applied, there is not only 
no longer any cedema to be found in the kidneys or their surroundings, 
but their tissues all appear to be normal when carefully examined both 
macro- and micro-scopically. 

The effects of injection of grape-sugar into the jugular vein of dogs, 
are the following :— 

Increased frequency of respiration. (Amounting even in some cases 
to actual panting.) The blood is more watery (as is shown by 
estimating the percentage of hemoglobin before and after the injection). 
And from the amount of liquid injected being in no case alone sufficient 
to account for this dilution one is led to suppose that a withdrawal of 
liquid from the tissues into the blood vessels has been produced by the 


1 Weyert. “Der Ubergang des Blutzuckers in verschiedene Korkersalze.” Ibid. p. 


187, 1891, 
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increase in the specific gravity of the blood owing to the introduction 
of the sugar. 

The blood pressure (as estimated by Ludwig’s kymograph,) rises 
pari passu with the introduction of the sugar solution: and continues 
after its injection has ceased. This is owing, I think, to the above 


alluded to absorption of liquid from the tissues taking place. 


- Both the blood pressure and the fluidity of the blood gradually 
return to their normal conditions as the excess of sugar disappears from 


| the circulation. 


__ The urine, which is greatly increased in alesis at first contains 
much sugar. The amount not only varying with the quantity of sugar 
injected but likewise according to the idiosyncrasy of the animal. 

Sugar continues to be excreted, though only in small quantities, by 
the kidneys long after the amount circulating in the blood has fallen to 
within the normal standard (0°05 to 0°15 p.c.). ._In some cases sugar 
may .be detected in the urine for 24 hours after its injection. 

In no case do the animals appear greatly inconvenienced by the 
injection of even as much as 10 grams of grape-sugar per kilo of bodily 
weight so long as the urinary excretion is not interfered with. 

When on the other hand the ureters are ligatured previous to the 
injection of the sugar, and its elimination by the kidneys thus 
interrupted, the animals suffer more or less from nerve symptoms. 
These vary not only according to the amount of sugar injected but 
apparently also according to the animals’ constitutional susceptibility. 

When after ligaturing the ureters, from 3 to 6 grams of grape-sugar 
per kilo of animal weight are injected into the jugular, the same effects 

regards ‘blood pressure and fluidity of the blood are observed as those 
described as having occurred without the appearance of any nervous 
symptoms when the elimination of the sugar was not interfered with. 
Whereas after the injection of from 6 to 8 grams, there are often seen 
nerve disturbances—as indicated by muscular spasms, in some cases 
followed by a semi-comatose state. 

When larger quantities of sugar (8 to 10 grams) are injected they 


_ always produce the spasms which in some cases assume the appearance 


of even typical epileptic fits; which when they are not severe enough to 
cause immediate death are followed by a comatose condition, often 
ending fatally. This comatose state resembles that of diabetic coma. 
The sugar injected must have either been used up in the tissues of 
the animal as sugar, or have been converted into some other substance 
or substances not yet recognised. This is shown by the fact that if 
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after the ureters had been ligatured for 6 hours, the ligatures were 


removed, the urine then excreted contained no sugar. | 

The knowledge of these facts led me to endeavour to ascertain if the 

sugar was split up into carbonic acid in the tissues and eliminated as 
such by the lungs. 
_ The following results obtained from a series of experiments con- 
ducted in the Physiological Institute of Turin with the purpose of 
ascertaining the effects of sugar on the respiratory gases and animal 
heat bear out this view. 

Before proceeding further, I must acknowledge the great obligation 
I am under to Prof. Mosso for his kindness in not only placing his 
laboratory but all the necessary apparatus and materials for the enquiry 
at my disposal, as well as to Dr Grandis for the untiring personal. 
assistance he gave me throughout the series of experiments. 

The method of procedure which I adopted was as follows :—In 
order that the whole of the respired gases should pass through the 
respiratory apparatus employed, tracheotomy was performed, and the 
trachea directly connected with it. 

The respiratory apparatus was made on the same principle as that 
invented and used by Prof. Ludwig', though somewhat modified by 
Dr Grandis in order to enable it to be used for longer periods and for 
larger animals. The expired air was passed into a vessel containing a 
solution of barium hydrate of known strength to absorb the carbonic 
acid, the volume of this absorbed carbonic acid being replaced by an 
equal volume of oxygen. Thus although the animal breathed the same 
nitrogen over and over again it had a continuous supply of fresh oxygen 
to replace the expired carbonic acid. | 

As the quantity of oxygen taken into the lungs is greater than the 
amount of carbonic acid eliminated, in all cases where the respiratory 
changes are calculated it being necessary to know the quantity of both, 
the respiratory quotient was estimated by dividing the quantity of 
carbonic acid eliminated by the amount of oxygen absorbed. 

For the analysis of the oxygen the apparatus of Petterson and 
Sonden? was employed, the carbonic acid was calculated, by titration 
after the method of Pettenkofer, and its volume estimated from the - 


quantity found. 


The volumes of all the gases were corrected to 0°C. and 760 mm. Hg. 4 
of barometric pressure. 


1 Sanders-Ezn. Arbeit. d. physiol. Anst. zu Leipzig, 1868; p. 58. 
? Petterson and Sonden. Zeit. fiir Instrumentenkunst, p. 472, 1889. 
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From its being known that muscular movements’ increase the 
elimination of carbonic acid, in order to reduce them to a minimum, 
the animal was carefully fixed with broad bandages to a cushion. The 
thus fixing the animals had a double advantage; for while it secured 
almost complete muscular rest the bandages at the same time hindered 
the loss of animal heat. 

All the sugar used in the experiments was chemically pure grape- 
sugar, dissolved in normal saline (0°75 per cent. sodium chloride) 
solution. And a 50 per cent. solution was employed in order to avoid, 
as much as possible, the introduction of inconveniently large quantities 
of fluid into. the circulation. In all cases, it was injected into a jugular 
vein, and as a rule at the temperature of 39°C. and at the rate of about 
_ 2 grams of sugar per minute. In order to ascertain the influence the 
sugar had on the bodily temperature a thermometer was kept in the 
animal’s rectum and a reading taken every 5 minutes, 

When in order to prevent any of the sugar being eliminated by the 
kidneys, it was necessary to ligature the ureters, it was found to be 
easiest done by making an incision, along the outer edge of the rectus 
muscle, a little above Poupart’s ligament, sufficiently large to allow of 
the entrance of two fingers. On passing a finger along the brim of the 
pelvis it comes in contact with the ureter as it crosses the iliac artery 
on its way to reach the bladder. At this point the ureter can be 
readily withdrawn from the wound and ligatured. It is then replaced 
in the abdomen and the wound stitched up. The same mode of 
procedure was followed in ligaturing the ureter on the opposite side. 
The whole operation occupies but a few minutes and is unattended 
with hemorrhage, or any disturbance to the alimentary canal. 

As it was pointed out by Regnault and Reiset* that the 
- respiratory quotient not only varies in different animals, but also in the 
_ same species, and even in the same animal under various circumstances ; 
such as rest, food etc., I have in the following table noted the effects 
of diet on the respiratory changes in nine different dogs. 

Here it is seen that dogs on the day following a carbohydrate diet 
have a respiratory quotient of from 0°77 to 0°78. The dogs of Regnault 


and Reiset on a similar diet had a somewhat higher respiratory 


quotient, namely from 0°91 to 0:94. And while my dogs on a meat 


1 Chaveau et Kaufmann. Comptes Rendus, Vol. cr. p. 1057, 1886; and Vol. crv. 
p. 1126 and 1532; 1887, and others. 
2 Regnault and Reiset. Ann. d. Chim. et Phys. (8), Vol. xxvi. 1849. 
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TABLE I. 
Showing the effects of various dietetic conditions on the Respiratory 
in Dogs. 
| Duration | quantity Amount per minute 
No. of Weight in Condition as to | respi- 
a mins. | eliminated eliminated abentbed 
I| 4100 | Carbohydrate | 46°50 | 1706°50 | 2215°70 | 36°70 47°65 | 0°77 
diet 
II | 5°350 | Ditto r 86°50 | 1512°80 | 1942°70 | 41°45 53°23 | 0-78 
| 5°520| Previous | 1717-05 | 2588°87 | 57°24 | 86°30 | 0°66 
meat 
IV | 12°500 Ditto 23°5 | 1585°00 | 236452 | 65°32 | 100°53 | 0°65 
Vie 8-070 Ditto 86°5 | 1806°60 | 1970°58 | 35°79 53°99 | 0°66 
VII | 1°850 | Fasted one day| 18°65 394°92 | 610°61 | 21°35 83°01 
VIII | 4-600 31°0 | 1657°5 | 2771°45 | 58°47 89°40 | 0°59 
ve 
IX | 12-500 Ditto 17°0 | 1488-1 | 2681-9 87°54 | 15482 | 0°57 
VI | 15:000 | Fasted more 15:0 | 1056-0 | 2272-71 | 70°40 | 15151 0°48 
than seven days 


diet gave a respiratory quotient of from 0°65 to 0°66; they have 
estimated theirs at from 0°74 to 0°75. 

It is shown in the last four cases in the above table the fasting 
periods exert a great influence on the respiratory quotient. For while 
the dog that fasted only one day had a respiratory quotient of 0°65, the 
one that fasted seven days had a quotient of 0°48 and the two others 
after five days’ fasting intermediate respiratory quotients of 0°57, and 
0°59 respectively. 

Seeing that the respiratory quotient differed so widely in different 
cases it was thought necessary, before the effects of sugar in any given 
case were considered, to perform a preliminary test experiment in order 
to find what the actual normal quotient of the dog under examination 
was, so that it might be used as a standard of comparison in calculating 
the results obtained from the sugar experiment. 


Sugar injected into the circulation while tts elimination by the kidneys 
was interrupted— 3 

After the ureters had been ligatured and tracheotomy performed 
the animal was allowed 20 minutes’ repose, in order to allow the 
immediate effects of the operation to pass off. 

Then the trachea was connected with the respiratory apparatus and 
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the ‘normal standard’ of respiration ascertained. The sugar solution 
was now injected, in the manner above described, and the standard 
thus found compared with the normal one. 


TABLE II. 1, 


|_ 


4-100 


| : Quantities injected a Total quantities of | Amount per minute 
Respi- | Condition of | grams of sugar of resp. esemens 
totar | per | solution | letiminated aboorbed |elimingted| absorbed | 
a | Before injec-| 410 | 100 | 80c.c. | 465 | 17065 | 2215-7 | 36-701 | 47-649 | 0-77 

tion of sugar , 

During ist 45°0 | 2126-2 | 2330-4 | 47°251 | 51°786 | 0°91 

hour after 

sugar injec- 

tion 


In the above table it is seen that during the first hour after 


injection of 10 grams of grape-sugar per kilo of dog into the jugular 
vein the respiratory quotient had risen from 0°77 to 0°91, and that the 
increase of the respiratory quotient occurred in spite of the oxygen 


absorbed being increased during the first hour after the sugar injection. 
For while this dog normally used up 47649 cc. of oxygen to form 


36°701 c.c.,of carbonic acid per minute, the sugar caused it to absorb 


51-786 c.c. of oxygen in forming 47:251 c.c. of carbonic acid per minute. 


From this it seems as if some of the sugar was almost immediately 


transformed in the organism: into carbonic acid. 

This result led to the consideration of the question of how long the 
increase in the elimination of carbonic acid would last. With the 
object of ascertaining this point in the next experiment the respiration 


was taken a third time, during the third hour after the injection of the 


In Table III, as in Table IL. it is seen that the quantities of oxygen 
absorbed and of carbonie acid eliminated were increased during 


the 


first hour following upon the intravenous injection of 10 grams of 


grape-sugar per kilo. 


In this case during the normal respiration of the dog 53225 c.c. 
oxygen went to form 41°446 c.c. carbonic acid, while after the injection 
of sugar into his blood 50°380 c.c. of oxygen formed 45°970 c.c. carbonic 
acid gas. The respiratory quotient was therefore increased from 0°78 


to 0°91 in the first hour. 


During the third hour however the oxygen 
absorbed fell to 40°797 c.c., notwithstanding that the carbonic acid 
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TABLE III. 2. 


Sugar injected. Its elimination by the kidneys being fathered Some 
slight nerve derangements, but no coma. 


Quantity injected Total quantity of | Amount per minute 
| a | 10°0 | 1065c.c.| 36°5 19427 | 41-446 | 58-225 | 0-78. 

injection 

b | During first 29-0 1461-1 | 45°970 | 50°380 | 0-91 
after 

| During third 29°0 1183-1 | 42°755 | 40-797 | 1-05 
hour after 


eliminated still remained above the normal standard: being 42°755 c.c. 
This gave the yet higher respiratory quotient of 1048. It consequently 


appears that more carbonic acid is given off in the third hour than 
during the first after the injection of sugar. 


In order therefore to discover at what time the greatest elimination 


TABLE IV. Experiment 3. 


of carbonic acid takes place, as well as to judge if, as I found the sugar 
did in the blood, it returned to the normal standard after the sixth 
hour, I decided to the 


Sugar injected. Its elimination by the kidneys being interrupted. No 
nerve derangements. 


of 
period in 


mins. 
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| 

4 : Quantity injected Total quantity of | Amount per minute 

| bah Respi- | Condition of of sugar 
animal NaCl 

| total solution absotbed eliminated absorbed Os 

| 

| a | Beforesugar; 40 | 7°25 | 80c.c. 80°0 |.1717-05 | 2588-87 | 57-235 | 86-296 | 0°66 

a _ injection 

b_ During first 33°0 | 2050°64 | 2762°96 | 62°141 | 83-726 | 0-74 

hour after 
- c | During third 40°5 | 2127-00 | 2781°38 | 52°519 | 68°675 | 0-77 7 
hour after 

ad | During fifth 45°0 | 2116°20 | 2724-64} 46-928 | 60°547 | 0°78 
q hour after 

| e During 7th 86°5 | 1859°50 | 2681-41 | 50-945 | 78-463 | 0°69 

a hour after 
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We Lie here (Table IV.) the carbonic acid increased, as in the 


former cases; although i in order to avoid muscular spasms or a comatose 


state supervening, which might complicate the results, only 7:25 grams 
of grape-sugar per kilo were injected. 

It is seen that before the injection of the sugar 86°296 c.c. of oxygen 
formed 57°235 c.c. of carbonic acid, giving a quotient of 0°66, while the 
first hour following the injection less oxygen was absorbed: as 
83°726 c.c. of oxygen formed 62°141 c.c. carbonic acid, thus giving the 
higher quotient of 0°74. During the third hour again, as in Table III, 


not only was less carbonic acid eliminated than during the first hour; 


but also less than during the normal respiratory standard. However 


from the oxygen absorbed being at the same time more markedly 
decreased the respiratory quotient had risen to 0°77. During the fifth 


hour the carbonic acid eliminated decreased to 46928 cc., and the 


oxygen absorbed fell to 60°547 c.c., thereby giving the still higher 
quotient of 0°78. This result may have however been partly due to an 
accident, as the dog's breathing stopped towards the end of the 
respiratory period. This arrest of the breathing was found to be due 
to asphyxia produced by the barium solution having become saturated 
with carbonic acid. Be that as it may, during the seventh hour the 
quantity of oxygen absorbed to form 50°945 c.c. carbonic acid had risen 
to 73°463, thus giving the smaller respiratory quotient of 0°69; a near 
approach to the normal standard found in this dog before the injection 


of the sugar. 


In the following two cases the dogs suffered from coma as a 


consequence of the ‘sugar injection. 


TABLE V. EXPERIMENT 9. 


Sugar injected. Its elimination by the kidneys being interrupted ; followed 
by a comatose condition. 


Quantity injected ie Total quantity of Amount per minute ie. 

Bont Condition of | grams of sugar period quotient 

a | Beforesugar 10070; | 200c.c. | 17°0 | 14881 | 2631:9 | 87°537 15482. 0°57 
ection 

b 1st 245 | 1799-4 | 2501-7 | 78-448 | 102-11 | 0°72 
hour after 

ce | During 8rd 85°0 | 19185 | 2651°6 | 54°815 | 75-760) 0°72 
hour after 

d | During 7th 710 | 1726°2 | 2498°2 | 24313 | 35°186| 0°69 
hour after 
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VAUGHAN HARLEY. 
This dog (Table. V.), which had been fasting some days, had a 


‘normal: respiratory quotient of 0°57. After the sugar injection instead 


of 15482 c.c. oxygen forming 87°537 c.c. carbonic acid, 10211 cc. of 
oxygen formed 73°448 c.c. carbonic acid, thus raising the quotient to 
0°72. The case is somewhat exceptional; for although only 8 grams of 
grape-sugar per kilo of body weight were injected the animal became 
comatose. 

The oxygen absorbed, as will be noticed, steadily decreased in each 
successive respiratory period (b, c, d,) while the carbonic acid eliminated 
also decreased, though not in so marked a ratio. The respiratory 
quotient which in the third had remained as during the first hour at 
0°72, during the seventh had fallen to 0°69. Thus shewing a tendency 


- to return to the normal. 


In the next case in which 10 grams of sugar per kilo were injected 
after ligaturing the ureters, there was profound coma, and it was the 
only one met with in which the respiratory quotient showed no 
tendency to return to the normal after the sixth hour. 


TABLE VI. EXPERIMENT 4, 


Sugar injected. Its elimination by the ‘Kidneys being interrupted ; 3 Pro- 
found coma supervening. 


12°500 


Quantity injected Total quantity of | Amount per minute 
Respi- | Condition of | grams of sugar of quotient 
ration animal 


Before sugar | 122 | 10-0 | 200c.c | 23:5 | 1535-0 | 2864-62 | 65-319 | 100-58 
b 2095-9 
2395-8 
2619°5 
2905-2 


In the normal respiration it is seen (Table VI.) in this case that 
100°53 c.c. oxygen formed 65°319 c.c. of carbonic acid thereby giving a 
quotient of 0°65. Whereas on 10 grams of sugar per kilo being 
injected it took during the first hour only 105-74 c.c. of oxygen to form 
85°549 c.c. of carbonic acid. The quotient yielded being 0°81. During 


the third hour, 103°81 c.c. of oxygen formed 95°810 c.c. of carbonic acid, 
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thereby increasing the respiratory quotient to 0°92. Coma then set in, 
and the temperature steadily fell. And in 11 hours after the sugar was 
injected it had fallen from 37°04° to 28°62°C.; that is to say 8°42°C. 

In the respiratory period (d), six hours after the injection of the 
sugar, only 49°581 c.c. of oxygen were absorbed per minute, yielding 
49°008 c.c. of carbonic acid, thus giving the high quotient 0°99. While 
during the 10th hour only 27-065 c.c. of oxygen were absorbed, yielding 
29°052 c.c. of carbonic acid, thereby raising the respiratory quotient to 
the still higher figure of 1°07. 

Being anxious to exclude as far as possible every avoidable source 
of error in estimating the influence sugar has on the respiratory gases 
and animal heat, with the view of ascertaining how much of the effects 
observed was due to the mere injection of the saline solution, and 
operative procedure, independent of the sugar introduced into the 
circulation, the following experiment was made. 


TABLE VII. Experiment 6. 


Ureters ligatured. Normal saline solution was only injected. Neither 
spasms nor coma supervened. 


wee Resp.| Condition of one of resp. 

| absorbed letimitted| abesthed | Os 
15-000) 


a | Before saline | 300 c.c.| 15:0 | 1056-0 | 2272-71 | 70-401 | 151-51 | 0-48 
1n 

b | During Ist |ie.20c.c., 17-0 | 1442-3 | 2247-23 | 84-843 | 132-19 | 0-64 
hour after | per kilo 

c | During 3rd 16-0 | 1243-7 | 2150-24 | 77-911 | 184-39 | 0-58 
hour after 

d | During 7th 18°5 | 1085-4 | 2245-34 | 55-966 | 121-87 | 0-47 
hour after 

e | During 12th 17-0 | 952-96 | 2050-85 | 56-057 | 120-65 | 0-47 
hour after 


In the above Table VII, it is seen that the mere injection of what is 
called a physiological normal saline solution causes of itself increased 
tissue changes. This is shown by there being an increase of the 
carbonic acid eliminated, even without the oxygen absorbed being 
increased. For while during the normal test experiment 151°51 cc. of 
oxygen caused the elimination of 70401 ¢.c. of carbonic acid, during © 
the first hour after the saline injection 132719 c.c. of oxygen produced 
84843 c.c. of carbonic acid. The respiratory quotient 0°48 being there- 
by increased to 0°64. During the third hour again 13439 cc, of 
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oxygen yielded 77°911 c.c. of carbonic acid giving the smaller respiratory 
quotient 0°58. And during the seventh hour 121°37 cc. of oxygen 
caused the elimination of 55°966 c.c. of carbonic acid giving a still 
smaller respiratory quotient of 0°47. And again during the 12th hour . 
120°65 cc. of oxygen formed 56°057 c.c. of carbonic acid with the 
quotient 0°47. That is to say the quotient was during the seventh and 
the twelfth hour after the same as it had been before the saline 
injection. It is further seen that the oxygen absorbed steadily fell 
during each successive respiratory period, and that at the same time, 
except during the periods b and c, the carbonic acid eliminated likewise 
fell below what was found in the normal standard. 

One must therefore admit that saline solution itself causes an 
increased elimination of carbonic acid. But instead of its doing so 
during many hours as in the case of the sugar, it begins to fall before 
the third hour, the very time when the effects of the sugar injection on 
the respiratory quotient are most marked. Further, after the immediate 
effect of the saline solution has passed off, the respiratory quotient re- 
turns to the normal standard; at which it remains for at least 12 hours. 

One must from this conclude that although the mere injection of 
saline solution along with the sugar may account for some of the 
increase of the respiratory quotient during the first hour, it does not do 
so for the increase during the subsequent hours. 

The ligaturing of the ureters for more than 18 hours appears to 
have no influence whatever on the respiratory quotient. For as it is 
seen in Table VII. instead of being most marked when they have been - 
longest ligatured, we find that at the eighth and thirteetth hour 
(d and c) after the ureters have been ligatured the quotient is at its 
‘normal. 

Thus we see that when sugar is injected after the ureters have been 
ligatured so as to prevent any of it escaping from the blood by means of 
the kidneys, there is an increase in the amount of carbonic acid 
eliminated by the lungs. This‘increased elimination begins in the first 
hour after the injection of the sugar and steadily increases up to the 
fifth hour, when it gradually begins to return to the normal; which it 
reaches about the seventh hour as seen in Table IV. The only 
exception to this gradual return of the respiratory quotient to the 
normal standard was met with in Experiment 4 (Table VL) where there 
was marked coma associated with an extreme fall in the temperature 
(8°42°C.), owing no doubt to a diminution in the tissue oxidation 
caused by the coma. 
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Eft of th craton wl its elimination by 


the kidneys is not interfered with. 
This series of experiments was perfumed with the view of 


ascertaining what would be the effects on respiration and temperature 
of sugar artificially introduced into the circulation, if it were allowed to 


151 


be eliminated by the kidneys along with the urine. The modes of 


operative procedure were in every respect identical to those adopted in 
the previous cases—with the single exception that the ureters were not 


ligatured. In all the experiments 10 grams of grape-sugar sie kilo of 


the animal’s weight were employed. 


TABLE VIII. Experiment 7. 


Sugar injected without its elimination by the kidneys being interfered with.. 


Quantity injected Total quantity of | Amount per minute Son 
period total | per | |timingted| absocbed letiminsted| abectbed | Oy 
a | Beforesugar| 18-0 | 100 | 366.0. | 185 | 394-92 | 610-61 | 21:35 | 383-01 | 0-65 
injection | 
b During 1st 21-0 | 466°01 | 68320 | 22:19 | 32°53 | 0-68 
hour after 
During 3rd 17°0 | 40809 | 588°45 | 24-01 | 84:62 | 0-69 
hour after 
d During 6th 18°0 | 439°68 | 575°07 | 24°43 | 81°95 | 0°77 
hour after 
e | During 9th 16-0 | 444-94 | 567-25 | 27°81 | 85-45 | 0-78 
‘| hour after 


In the above Table VIII. it is seen that 33°01 cc. of oxygen was 
sufficient to form 21°35 c.c. of carbonic acid and gave a quotient of 0°65 


as the normal respiration standard, while during the first hour after 


the sugar injection 32°53 c.c. of oxygen formed 22°19 c.c. of carbonic 
- acid, thus raising the quotient to 0°68. This in the third hour was 


still further increased ; for 34°62 c.c. of oxygen then formed 24°01 c.c. of 


carbonic gas and gave a quotient of 069. During the sixth hour 
31°95 c.c. of oxygen formed 24°43 c.c. of carbonic acid and gave the 
Instead however of falling, as it had in the previous - 
During the ninth hour 


quotient 0°77. 


series of experiments after the’ sixth hour. 


35°45 c.c. of oxygen yielded 27°81 c.c. of carbonic acid thereby giving 
the still higher quotient of 0°78. 


The urine passed by this dog during the ninth hour still contained 
sugar; just as it had done immediately after the sugar injection. | 
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“TABLE IX. Exrermenr 5. 
Sugar injected without its elimination by the kidneys being interrupted. 


uantity of | Amount per minute 
Weight | Respi- | Condition of 
in animal COg 
CO, CO, 
kilos period “total | per | mmins. |ctiminated absctlied lettmingted| absotbed | Os 
3°070| a | Beforesugar| 30°0 | 10°0 | 60.c. 36°5 | 1806°6 | 1970°5 | 35°79 | 53°99 | 0°66 
injection 
b During 1st 57°0 | 1687-0 | 2537-3 | 29°60 | 44°51 | 0°67 
hour after | 7 
Cc During 4th 50-0 | 2070°8 | 2841°3 | 41°42 | 56°83 | 0°78 
hour after 
d | During 7th 56°0 | 1868°5 | 2295°2 | 38°28 | 40°98 | 0°81 
hour after 


In Table IX., we find the same gradual rise in the respiratory 
quotient that occurred in the previous case. During the ninth hour the 
quantity of carbonic acid formed per minute is somewhat less than that 
during the normal respiration, but as the oxygen is also decreased the 
quotient has risen, instead of falling as it did in the cases where the 
ureters were ligatured. 


TABLE X. Experiment 8. 
Boga without its elimination by the kidneys being with. 


Quantity injected Total quantity of | Amount per minute 


Weight | Respi- | Condition of | grams of sugar | of quotient 
in | rato animal perio’. CO, 
| period total | per | it mins. | absorbed eliminated | abeotbed | Os 
4600; a | Before sugar) 46°0 | 10-0 | 92.6. 31 1657°5 | 2771°5 | 53°47 | 89°40 | 0°59 
injection 
During Ist 1900-2 | 2702-9 | 38°78 | 55°16 | 0°70 
hour after 
¢c During 4th 72 2120°3 | 2685-6 | 29°44 | 87°30 | 0-78 
hour after 


Here again in (Table X.) we have the same increase in the 
respiratory quotient caused by the injection of sugar as in the former 
two cases. 

It is thus evident that when the injected sugar, is allowed to be 

excreted by the kidneys, the rise in the respiratory quotient during the 
first 3 or 4 hours is not so marked, as when it is prevented doing so. 
And further that instead of the quotient returning to the normal after 
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the sixth hour, as it did (Tables IV. and V.) when the ureters were 
ligatured, it (Tables VIII. and IX.) somewhat increased. In these three 
cases the urine continued to contain sugar up to the end of each of the 
experiments, and in none was there any nervous symptoms, neither 
muscular twitchings, convulsions, nor the slightest coma having shown 
itself. 


— of grape-sugar on animal heat. 


From the fact of the development of animal heat being the direct — 
result of chemical changes taking place in the tissues of the organism 
one would expect that anything that increased such changes would lead 


to an increased production of bodily temperature. As the previous 
experiments showed that when sugar is artificially introduced into the 
circulation, it is to a great extent eliminated from the body as carbonic 


acid by the lungs in the space of a few hours, this fact pointing to an 
active oxidation having occurred, it made me desirous to ascertain if a 
concomitant increase in the animal’s temperature could be practically 
demonstrated. In order to ensure exact results it was necessary in 
conducting the experiments to take several independent factors into 
account. 

For example, as there is at the same with the continual pro- 
duction of heat a continual loss of heat | he lungs, and skin, the 
thermometric measurements of the tempeia:ure of any part of the 
body, let them be taken where they will, offer no information as to the 
absolute amount of bodily heat developed at any given time; but only 
of the actual heat of that particular portion of the body. It.is con- 
sequently necessary to divide the body into three temperature zones—a 
surface, an intermediate, and a central zone, according as the 
temperature is taken of a part more or less exposed to the loss of heat. 
At present I will only speak of the relative changes of temperature 
induced by the artificial injection of sugar, as ascertained in the central 
zone of the body. For this purpose a long thermometer was employed, 
so graduated that the one-hundredth part of a degree centigrade could 


_ be read, while the bulb remained as high up as possible in the rectum. 


In order to be as accurate as possible the thermometer was kept in the 
same position throughout the whole experiment. When feces happened 
to be passed there was always a fall of from 0°2° to 05°C. This was 
partly due to the thermometer being somewhat extruded during the 
act of defecation. 

Moreover all the experiments were conducted in a large room in 


PH, XV. 3 11 


q 
; 
8 
l 
“ty 
ptient 
0 
J 
*59 
7 
7 


154 VAUGHAN HARLEY. 
which the temperature never varied more than 0°5°C. during their 
performance. 


As previously mentioned, the dogs were always carefully bandaged 
to a cushion, in order to prevent their making any muscular movements 
which might lead to any accidental increase of temperature and sige 
vitiate the value of the results obtained. : 

Further, while the animals were under observation, they were 
lightly covered with cloths, so as to hinder any loss of heat that might 
possibly occur from the exposed abdominal skin; which from being 
only slightly covered with hair, yields more heat to the atmosphere than 
when the dog is lying in his natural curled-up position of repose. 

It being well known that the mere fixing of a timid dog to a table, 
without any operation being performed at all, sometimes induces the 
temperature to rise 1°C., or more degrees, while the contrary may 
also occur, as shown by the experiments of G. v. Liebig’ and 
Horwath’, who found that the temperature of animals, kept fixed to a 
table without any operative interference whatever, sometimes falls as 
much as 2°C. in a few hours, an interval of twenty minutes was 
allowed to elapse after fixing the dogs to the table and making the . 
other necessary preparations before beginning the temperature readings. 
The influence of the nervous system per se on the animal’s heat was 
thus reduced as much as possible to a minimum. 

Before citing the experiments it may be well to note the following 
facts :— 

Ist. The sugar and saline solutions employed were always injected 
at 39° C., so as not to affect the temperature of the animal. | 7 
_ 2nd. As the mere introduction of sugar solution into the cir- 
culation invariably increases the frequency of the respiration, and dogs 
cool themselves principally by their lungs, it is to be noted that this 
increase in the breathing would of course tend to reduce the tem- 
perature of the animal's body and not to increase it. | 

3rd. As the injection of a sugar solution, as previously ated, 
induces a rise in the blood-pressure (estimated by Ludwig’s kymo- 
graph) and at the same time an increase in the quantity of the liquid — 
in the blood—liquid being, as before stated, withdrawn from the tissues 
into the circulation. This would also tend to reduce the temperature. 

These various sources of error were taken into account in making 


1G, v. Liebig. ‘Ueber die Temperat terschiede des vendsen und arteriellen 
Blutes.” Diss. Giessen, 1853. | 
* Horwath. Cent. f. d. med. Wissen. p. 546, 1870. 
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the experiments, as well as while considering the conclusions which 
might be drawn from the results obtained from them. 

As regards the construction of the following charts it may be 
mentioned :— 

That the temperatures, which are indicated in black, are in most 
cases given to 0°02 of a degree, and that the readings were taken every 
five minutes. hos 

The amounts of oxygen absorbed are indicated in red; and the 
quantities of carbonic acid eliminated in blue. 

The time is noted along the top line of the charts. — | 
_ The periods during which the respiratory changes are extiinated are 
indicated at the bottom. Thus, (111. 

The period during which the sugar solutions were injected by =. 


CHART I. See Prarzs III. IV. V. 
EXPERIMENT 3. 


Sugar injected. Its elimination by the kidneys being interrupted. No 
muscular spasms or coma. 


_ As will be observed in Chart I. the temperature slowly but steadily _ 
fell up till the time when the warm (39°C.) saline solution containing 
sugar was injected into the jugular vein. Then there was an immediate 
rise from 37°20° to 37:38°C. (=0:18°C.) speedily followed by a fall, 
during the injecting of the sugar of from 37°38° to 36°72° C. (= 0°68" C.). 
Next there was a temporary rise from 3642 to 37:02° (=0°30° C.) again 
followed by a gradual fall to almost 4s low as the lowest point 
reached, viz. 36°76°. The rise and fall having both lasted forty minutes, 
During the next hour a steady rise took place to 38'74° (=2:00°C.), 
while again there was a twenty minutes’ fall.. Followed in fifteen 
minutes by a rise to 38°80° C., which was 0°06° C. abové the last highest 
point. This was followed by a fall of from 38°80° to 38:14’ (= 0°66" C.) 
in twenty-five minutes. There now occurred a marked rise in the next 
fifty-five minutes, to 39°62° (=1:49°C.). This was followed by an 
abrupt fall of over 10°C.; probably due to the asphyxia which 
occurred from there not being sufficient barium solution in the 
apparatus to absorb all the carbonic acid eliminated by the lungs 
during the respiratory period d, Table IV., as was previously stated. 

As artificial respiration had to be performed there was no further 
reading of the thermometer from 6.40 until 7 p.m.. The fall that had — 
11l—2 
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occurred from the asphyxia supervening was followed by a rise to 
38°42° C., which it reached at 7.40 p.m. Then the temperature once 
more slightly fell and remained at 38°31°C., that being 0°3°C. higher 
than it was at the commencement of the experiment, before the sugar 
was injected. At this point it remained until 8.40 p.m. when the dog 
was killed. 

The carbonic acid eliminated, in spite of less oxygen being absorbed, 
as is seen, increased after the injection of the sugar. In the respiratory 
periods c and d (see Table IV.) the carbonic acid however progressively 
decreased. The oxygen absorbed decreasing still more markedly ; while 
during the respiratory period e, the carbonic acid eliminated by the 
lungs rose somewhat the oxygen absorbed rose at the same time in a 
still greater degree. This was probably due to the sugar having been 
to a great extent oxidised into carbonic acid and eliminated by the 
lungs. It is thus seen that the principal rise of temperature did not 
correspond with the greatest elimination of carbonic acid, but actually 
occurred nearly an hour after it. 


CHART II. 
EXPERIMENT 9. 


Sugar injected. Its elimination by the kidneys being interrupted. 
Followed an hour after the injection by coma ; which lasted until the dog 
was killed. 

In the above it will be seen that in the first fifteen minutes the 
temperature fell from 37°6° to 368°C. During the hour previous to 
the injection of the sugar solution the temperature had varied from 
36'8° to 37°0° C. Immediately after the commencement of the injection 
there was a slight rise of 0°08°C. which lasted ten minutes. It then 
fell somewhat but this rise and fall were too slight to be indicated in the 
chart; which is only divided so as to show a change of 0'2°C. Towards 
the end of the injection the temperature rose to 37°4° (= 0°45° C.), after 
which it kept during an hour and a-half almost at the same point as it 
had been before it; namely 368°C. The dog then slowly became 
comatose and the temperature steadily fell from 36°8°C. at 11. 50 am. 
until it reached 31:2°C. at 5.55 p.m.; that is in 6 hours. There was 
an exceptional rise at 2.10 pm. but this may be allowed to pass 
unnoticed, as like the previous quicker fall (at 1.55 p.m.) it can be 
accounted for by the passage of feces. __ 

The carbonic acid eliminated steadily diminished in quantity during 
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each successive respiratory period. The oxygen absorbed did exactly 
the same, only to a more marked degree. 


CHART ITI. 
EXPERIMENT 4, 


Sugar injected. Its elimination by the "aisle being interrupted, 
Followed by profound coma. 


This is an exceptionally interesting case, from the dog’s temperature 
falling in the space of 124 hours to the extent of 10 degrees centigrade. 

During the hour prior to the sugar injection the temperature fell 
from 390 to 376C. And although at the commencement of the 
- Injection of the sugar solution, there was a temporary rise of 0°05° C., it 
continued to fall until towards the end of the injection, when there was 
again a rise from 35°82° to 36:06’ (=014°C.). This lasted fifteen 
minutes, The temperature then returned to 35°8°C., at which point 
it remained almost constant during an hour. Then it began again to 
fall and continued to fall almost regularly until it reached 2862°C. At 
which point the dog was killed. | 

The fall before the sugar injection, which may perhaps be explained 
by fear, probably corresponds to the fall of bodily temperature, pointed 
out by Horwath as occurring in rabbits. But the steady fall after 
1 p.m. appeared to be entirely due to the comatose state which super- 
vened, and it continued up to the time the animal was killed. | 

It is here seen that during the first three hours after the sugar 
injection both the carbonic acid eliminated and the oxygen absorbed 
were increased. In spite of this increase in the amount of carbonic 
acid eliminated there was however only a slight rise in the temperature 
during the respiratory period b (Table VI.), and when the carbonic acid 
eliminated still further increased during the third hour (respiratory 
period c) there was a marked fall in the temperature. In the last 
respiratory period ¢ the carbonic acid eliminated was more than the 
oxygen absorbed during the same period, and both were very markedly 
decreased, almost to a quarter of the normal standard. 

The possibility that the great fall in the temperature might have 
some connection with the retention of the urinary ingredients in the 
blood, after the ligature of the ureters, and not be entirely due to the 
nervous symptoms produced by the sugar is at once seen to be 
negatived by the following chart. ° | 
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CHART IV. 
EXPERIMENT 6. 


Effects of the injection of a 0°75 p.c. iki of chloride of sollte: 
coupled with a previous ligaturing of the ureters. 


The above (Chart IV.) shows that the effects of ligaturing the 
ureters and injecting a normal saline solution causes only a slight rise 
in the temperature, together with (at first) a rise in the elimination of 
carbonic acid, but with no increase in the oxygen absorbed. 

Thus in the forty-five minutes before the injection, the temperature 


fluctuated between 36°92° and 37°46°C. Whereas immediately after 


the saline solution was introduced into the jugular vein it rose within 
the space of twenty-five minutes from 37'32° to 37:54°C., when the 
temperature fell to 37°18°C. It then steadily rose during the next two. 
hours in almost a continuous line to 38°46° (te. 1°28°C.). It now fell 
with some undulations during the next 3} hours, While it kept a 
pretty steady course for the last four hours, being 37°76°C. 12 hours 
after the introduction of the saline injection. 

The oxygen absorbed shows a sudden drop during the first hour, at 
1.20 p.m. Just as the temperature is rising it is again somewhat 
increased ; after which there is merely a slight tendency to fall. While 
the carbonic acid at first increases; but is followed by a tendency to 
fall in the same ratio as the oxygen. 


CHART V. 
EXPERIMENT 5, 
Sugar injected without its elimination by the kidneys being interfered 
with. No nervous symptoms occurring. | | 
In this case (Chart V.) the temperature steadily fell in the first 
65 minutes from 37°60° to 36:02 C., ze. 058°C. On the sugar solution 
being injected it continued falling until 70 minutes later, when it 
reached 34°74° C. It then rose in the following fifteen minutes 0°08° C.., 
after which it again fell even lower than before, reaching 34°60°C. It 
now steadily rose 2°6° C., reaching 37'20° C. in the next 5 hours, when 
again there was a fall in 50 minutes of 0°4°C., followed in nine hours 
after the injection of the sugar by a rise to 37°54? C. 

‘Here with the great fall of temperature immediately before and 
after the sugar injection there is‘a diminution in the carbonic acid 
eliminated and the oxygen absorbed. This is followed by a rise in 
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INFLUENCE OF SUGAR. 


both, before the temperature rose, and again a fall, at the time the 
— was high. 


CHART VI. 
EXPERIMENT 7. 


Sugar injected without its elimination by the. kidneys being interfered — 
with. Followed by no nervous symptoms. | 


The temperature steadily fell (Chart VI.) in this case, from 36°60" to 
34°60° C., as in the preceding one, except at the commencement of the 
injection when it rose 0°04°C., reaching the lowest point 40 minutes 
after the sugar solution was injected. There was then a rise during 
five minutes of 0°38°C., from 34°60° to 34°96° C., when it again fell in 
45 minutes 0°46° to 34°50°C. We have then in the next four hours an 
almost continuous rise of 3°10° to 37°60° C., followed by a fall of 0°5°C. 
in half-an-hour. And again a rise to 37°70° C.; which point it reached 
64 hours after the sugar was injected. It now fell in two hours nearly 
a degree, when it remained at a level of 36°72°C. for an hour. 

These changes in temperature are almost the same as those seen in 
Chart V., whereas the gaseous changes are different. For here it is 
seen that the carbonic acid elimination steadily increased as the 
temperature rose, and the oxygen absorbed to a certain extent did 
the same. 


CHART VII, 
EXPERIMENT 8. 


Sugar injected without the renal excretion neing interfered with, No 
apparent coma. | 

It is here seen (Chart VIL) that the temperature fell before the 
injection of the sugar from 38°45 to 37°90° C. (=0°55°C.). On the sugar 
being injected there was a rise of 0°4°C., during 15 minutes. This was 
fullowed by an uninterrupted fall of animal heat during the next 6 
hours to ‘the extent of 7°32°C. when it had reached 30°62’ C. The dog 
was then killed. 

The carbonic acid eliminated also fell; and the oxygen absorbed did 
so in a more marked manner. 

As in this case, there was no coma, it cannot be explained like the 
eases referred to in Charts IL. and III. No explanation is found for it 
unless it be that some dogs are extra timid, and consequently show in 
an exaggerated manner the fall of temperature caused by binding an 
animal to a table, as already mentioned was observed by Horwath, | 
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Conclusions. 


On looking over the results obtained from the foregoing experiments 
| one finds they may be briefly summed up as follows :— 3 : 
| Grape-sugar injected into the circulation of dogs, when its elimi- 
by the kidneys is causes an increase in the 
respiratory quotient. 
‘That the respiratory quotient begins to rise during the first and 
_ steadily increases during each successive hour, reaching its maximum | 
about the fifth. After which it returns to what it was before the 
sugar was introduced into the circulation. 

When coma follows as a result of sugar injection the ‘aula 
quotient goes on increasing, until it may reach in the space of ten 
hours as much as 1:07 (Table VI1.). | 

When the elimination of the injected sugar by the kidneys i is not 
interfered with, the rise in the respiratory quotient continues to increase 
not only up to but even after the ninth hour. But it is much less 

_ marked than when the elimination of the sugar by the ey is inter- 
rupted. 

As a molecule of sugar contains enough oxygen to saturate the 
hydrogen present in it, in order to oxidise the whole of the sugar 
molecule into carbonic acid and water, each atom of carbon requires two 
atoms (done molecule) of oxygen to form one molecule of carbonic acid, 
it is seen that in the above experiments the increase in the oxygen— 
absorbed was not sufficient to oxidise all the carbon. Consequently | 
one is forced to believe that a certain amount of carbon and hydrogen 
had been retained in the organism, most probably to form some other 
carbohydrate containing less oxygen than the sugar molecule. 

As regards the temperature changes, although there is still more 
difficulty in drawing definite conclusions, it may be noted that the 
introduction of sugar into the circulation seems to cause an increase in — 
the animal heat of about 1°5°C. when no nervous symptoms arise to 
complicate the results, 

If coma supervenes on account of sugar injection the temperature 
steadily falls. In one case, Chart III., it fell as much as 10°4°C. in the 
space of twelve and a-half hours. Further we have in Chart VII. an 
exceptional case in which the temperature fell in spite of no 

recognisable nervous symptoms supervening. 

The temperature does not rise and fall with the increase and 
decrease in the oxygen absorbed as one would expect, but runs a 
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perfectly independent course. I do not with our present knowledge 
see any means of explaining this circumstance, unless by imagining 
that as sugar can produce such severe nervous disturbances as suffice 
to induce muscular spasms and coma, it also acts in a sis way on the 
heat-regulating nerve centres. 

Neither the temperature nor the respiratory changes can, any more 
than the nervous symptoms, be put down to the mere retention of 
urinary ingredients in the blood. For as shown in Table VII. and by 

Chart IV. no nervous symptoms are caused by the ligature of the 
ureters. 

The injection of a physiological saline solution, on the other hand, 
only causes a rise in the respiratory quotient; which reaches its 
maximum in the first, and has begun to fall before the third hour. 

_ The temperature increase is less marked, and of far shorter duration 
than what is produced by sugar injections. 
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NOTE ON THE NATURE OF THE DANDRUFF AND 
ITS PIGMENT FROM THE SKIN OF THE HORSE. 
By Veterinary Captain F. SMITH, F-.R.C.VS., F.LC., Aldershot. 
Plate VI. 


IN a previous communication to this Journal I showed that the sweat 
of the horse was remarkable for containing proteid substances, and the 


- question arose as to whether these were derived from the sebaceous 


glands, or whether they were pre-existent in the sweat. I believed 
that the presence of a small amount of fat in the fluid examined went 
to prove that I was dealing mainly with the secretion of the sudoriferous 
glands, and that little if any of the sebaceous material was mixed with 
it. I have now been able to carry the enquiry a step. further by. 
examining the nature of the dandruff removed from the skin by the 
process of grooming, as I considered that by this means a nearly pure 
sebaceous secretion would be obtained. 3 

Dandruff consists of worn-out epithelium, fat, dirt, and a proportion 
of hair, depending upon the time of year at which the examination is 
made. The amount removed by grooming is recognised as an indication 
of the cleanliness of the animal’s body; with fairly clean horses it will 
vary from 25 to 60 grains, with dirty horses from 170 to 220 grains (a 
horse carefully groomed for several days gave an average of 40 grains). 
Dandruff is of a grey colour, but it is to be observed that a great deal 
depends upon the cleanliness of the animal; in well-groomed horses it 
- is nearly white in appearance, and in dirty horses of a dark grey tint. 

The smell of dandruff is peculiar, it smells of horses, I cannot 
describe the odour in any other way. To the feel it is greasy, and by a 
little pressure the grey powder may be made to adhere into a doughy 
mass. To litmus paper its reaction is alkaline. 

The following is the composition of one specimen of dandruff 
obtained by mixing a considerable quantity of the material from 
different horses. 


Water 17°96 

Fat 12°40 

Organic matter 56°22 containing 1:0766 of Urea. 
Ash 13°42 . 2°45 of Silica. 
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The fat obtained by extracting the dandruff with ether was of a 
yellow colour, neutral reaction, and possessed a peculiar horse-like smell; 
it was of a sticky glutinous nature, and I regard it as lanolin. 

The amount of fat depends upon the diet: when I fed a horse solely 
on hay for a month I obtained very little fat in the dandruff, whilst on 
a diet of oats there was a considerable quantity; the horses which 
furnished the material for analysis were fed on hay and oats. | 

If dandruff be extracted with alcohol and filtered, on allowing the 
extract to stand plates of cholesterine are — in considerable 
quantities as the fluid evaporates. 

In the analysis quoted above the organic matter was determined 
by the difference: it consists of proteids, cholesterine, urea and un- 
determined matter. 

_ The urea was estimated quantitatively by extracting the dandruff 
with water, dialysing into alcohol, evaporating to small bulk, introducing 
the extract into an urea apparatus and determining by means of sodium 
hypo-bromite. Further, it was obtained by converting the urea into an 
oxalate and obtaining definite crystals of the same. 

The ash consists of sulphates, chlorides and magnesia in considerable 
quantity; there is a little lime and phosphoric acid, a considerable 
quantity of iron, probably derived from the currycomb, and a large 
amount of potassium, though but little sodium. A certain proportion 
of the ash consists of silica, doubtless obtained from outside sources. 

When dandruff is extracted with alcohol, ether, turpentine and 
petroleum ether, but especially ether, it yields a coloured solution ; the 
colour depends upon the diet: where hay only has been given the colour 
is green with a tinge of yellow; sometimes it is so green that it stains 
the filter paper: where the diet has been one consisting entirely of oats 
the resulting extract is of a yellow colour with a faint tint of green. 

If we examine the dandruff from a horse fed on a mixed diet of hay 
and oats, three or more bands (Plate VI.) may be seen, or only one. If 
three bands are seen, one will certainly be in the red, a shading in the 
orange, and a pale band in the blue green: sometimes, however, only 
one band is seén, and that will certainly be in the red. These differences, 
as will be presently shown, depend upon the diet : where the diet of hay 
is small and that of corn large, only one or two bands are seen ; but 
when the proportions are reversed and the hay preponderates in the 
diet, five bands are seen. The results I found at first very puzzling and 
difficult to reconcile, until it seemed to me that the amount of chloro- 
phyll in the diet might possibly account for them. About this time I 
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submitted a specimen to Dr Sheridan Lea, who found the fifth band 
which I had overlooked, and this later on was observed again by Dr 
MacMunn in a specimen I sent him, and which he pronounced to be 
modified chlorophyll ; this bore out the notion which was then passing 
through my mind as to the source of the pigment. 

I now placed a horse on what I believed to be a chlorophyll free 
diet, viz. oats (he received nothing else), and from time to time the 
dandruff removed by grooming was examined spectroscopically ; it was 
evident that the diet was affecting the spectrum, for all the bands 
except the one in the red became so faint that they might easily have 
been overlooked had I not suspected their presence ; finally, after being 
on this diet for nearly a month, all the bands had disappeared excepting 
the one in the red; this, though faint, was sufficiently marked to be 
readily observed ; by the end of the month, though very faint, it was still 
present. I now found that an ether extract of oats yielded a faint band . 
in the red identical with the one I had obtained from the dandruff, and 
this doubtless was the source of the persistent band I had observed. 

The diet was now changed to one of hay and no corn, and the 
dandruff examined every twenty-four hours ; after the first day the most 
marked alteration was a decided deepening of the band in the red, and 
a faint trace of shading in the orange; in 48 hours the band in the red 
was very marked, the shading in the orange distinct, and a faint trace 


_ of two bands in the green was detected, the band nearest the blue being 


the better marked; besides this, the violet end of the spectrum was 
becoming absorbed, and I suspected the presence of a fifth band in the 


_blue-violet ; in 72 hours five distinct bands were present, the faintest 


and most difficult to see being the first one in the green. 

On a hay diet the dandruff yielded a remarkably green solution. 
The spectrum of dandruff has been kindly mapped for me by Dr 
MacMunn, who sent me the following report. I should add that the 
horse from which this specimen was taken received a diet of hay and — 
corn, the latter in small quantities only. 

“The ether solution showed a series of faint bands which seem to 
belong to chlorophyll which has been altered by an acid or other- 
wise. 

“'The ether was evaporated and left a residue containing cholesterine 
and fatty matters, here and there it showed a faint green tint. It was 
extracted with a small amount of absolute alcohol. The resulting 
solution was greenish, had a fine red fluorescence, and mowed five bands 
as follows 


“ 
a 
4 
4) 
af 
+} 
ai 
a} 
4 
43 
3 
q 
4) 
28 
é 
+ 
1 


ON DANDRUFF 165 


Ist band began as a shading at 1681, was dark at 4678 and 
extended dark to \ 656, shaded to » 650; centre about 
665. 

2nd band from 2 617 to A» 593. 

4th , , 2542 tor529. 

5th ,, 2509 to 494. 

“ The measurements given were made by means of an interpolation 
curve adapted to the photographed scale of a chemical saves 
See Spectrum 1. 

I have previously explained that all five bands are not always seen, 

and have shown that the explanation of this fact depends upon the - 
nature of the food. The third band is especially difficult to see unless 
hay forms a large proportion of the diet. In my experiment, where the 
diet consisted solely of hay, the fifth band was more intense than is 
represented in MacMunn’s chart, it extended beyond F and was much 
deeper at its violet than at its blue end. See Spectrum 2. All that 
remained to be done was to prove the identity existing between the 
_ spectrum furnished by hay and that found in the dandruff. 
This I think has been conclusively proved. I examined many 
~ samples of hay; in the majority I could find no third band, but in a well 
saved sample of meadow hay I had no difficulty in finding it, and the 
five bands were demonstrated to possess the same position in the 
spectrum as the bands furnished by the dandruff from the horse fed on 
a mixed diet. (See Sp. 3.) The spectrum of hay does not agree exactly, 
so far as the fifth band is concerned, with that of dandruff obtained on a 
purely hay diet, this band in the latter being wider and more intense 
at its violet end than I have seen in extracts of hay. 

My spectroscope has not a wave-length scale, but the drawing of the 
spectrum of hay is correct, for by superimposing the hay and dandruff 
(mixed diet) spectra, I found they were identical. _ 

If the spectrum of hay and dandruff be compared with the spectrum 
yielded by green grass, they are not found to be identical. Green grass 
under ordinary conditions presents a four-banded spectrum, though by a — 
special method of examination six bands, viz. two additional indistinct 
bands in the violet end, may be demonstrated to exist: neglecting the 
two latter, which are only seen with difficulty, chlorophyll from grass 
presents four bands to the five seen in hay and dandruff. 

It may be shown that the colouring matter of hay and dandruff is 
not chlorophyll, but a decomposition product of the latter known as 
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phyllocyanine, which may be produced by acting upon chlorophyll with 
an acid. If chlorophyll and phyllocyanine be compared spectroscopi- — 
cally, it is found that the 1st band is rather more towards the violet 
end in the chlorophyll than in the phyllocyanine; the 2nd bands agree, — 
but the 3rd bands are very different, being much nearer to the 2nd 
band in the chlorophyll than in the phyllocyanine; the 4th bands agree 
fairly well; the 5th and 6th bands, as explained above, are not ordinarily 
seen in the chlorophyll, and are considerably to the violet side of the 
5th band seen in phyllocyanine. 

Phyllocyanine is therefore the matter 
dandruff, and it finds its way there through the material absorbed from 
the intestinal canal. Doubtless, both in the stomach and intestines the 
chlorophyll. undergoes this conversion, for wherever in the intestinal 
canal a spectroscopic examination of the contents is made, the above 
spectrum of phyllocyanine is obtained. In the feces considerable 
quantities exist. 

The bulk of the chlorophyll taken into the body is excreted with 
the faces; the proportion in the blood must be very small, and I have 
not succeeded in detecting its presence in this fluid. 

The method adopted in the search for this substance in the blood 
was as follows:—five litres of blood were drawn from a horse fed for — 
several weeks on hay; from this blood half a litre of serum was obtained | 
in the course of 48 hours; this serum was precipitated by alcohol, the 
precipitate filtered off, the filtrate reduced to small bulk and examined ; 
it gave negative results, a quantity of the precipitate was extracted 
with ether, and examined with negative results. 

I think this is the first time that the existence of (modified) chloro- 
phyll in the vertebrate has been determined ; as to its uses if any it is 

impossible at present to speculate. 
| Turning now to the dandruff, we see from its fatty nature how 
perfectly it acts as a protecting medium against both wet and cold; 
further we have at once a scientific explanation afforded of the “at 
which arises from the too frequent grooming of horses living in the 
open, a fact which has been constantly observed. : 


EXPLANATION OF PLATE VI 


1. Spectrum of dandruff from a horse on a mixed diet of hay and oats. 
2. ‘s on a diet of hay only. 
3 on meadow hay. 
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DOES URIC ACID TAKEN BY MOUTH INCREASE 
THE EXCRETION OF THAT SUBSTANCE IN THE 
URINE? By A. HAIG, D.M. Oxon. F.R.C.P. Pl. X. 


THIS is a question which seems to have been already decided in the 
negative, and I have for a long time regarded the decision as correct. 

Recently however certain facts which came to my knowledge 
appeared to throw doubt on the point, and led me to —— it 
with results of which I now wish to give an outline. 

Sir A. Garrod in his Lumleian Lectures’ says that he gave men 
urate of potash, soda or ammonia in doses of 5 to 30 grains without 
producing any increased excretion in the urine. 

It is interesting to note however that he considered that the urate 
got into the blood, because it greatly aggravated an eczematous 
‘eruption from which one of the men suffered. And some of his figures 
do show a slight increase of urate excretion on the day a dose was 
taken. 

Professor M. Foster in his Physiology* says “and conversely uric 
acid given to mammals appears in the urine as urea.” And Dr 
Sheridan Lea’ says, “In support of this view it may be pointed out 
that uric acid when introduced into mammals is largely excreted as 
urea.” 

I do not deny that the taking of uric acid may be followed by a rise 
in the excretion of urea but I do not believe that this urea is due to 
the decomposition of uric acid and think on the contrary that quite 
another explanation can be given. 

I hope also to be able to show that if uric acid is taken by mouth — 
while the blood is kept. well supplied with solvents to enable the urate 
to remain in solution in that fluid there is an increased excretion of 
urate in the urine more or less corresponding to the quanity — | 


1 British Medical Journal, Vol. 1. 1883. 
2 Ed. v. p. 757. 
3 Chemical Basis of the Animal Body, p. 172. 
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Before I give my results I will shortly narrate some of the 
investigations which led me to doubt the accuracy of the generally 
accepted view. 

Several years ago I came to the conclusion that uric acid and urea 
are always formed in the human body in definite proportions, namely, 
1 grain of uric acid for 80 or 40 grains of urea (a proportion as regards 
excretion which has been very frequently arrived at by other observers), 
and that while urea, a very soluble substance, is practically excreted as 
it is formed, uric acid excretion is by no means a good index of its 
formation unless its excretion is taken over a very long period of time 
in which the fluctuations tend to balance one another’. 

I explained the natural fluctuations of uric acid excretion by its — 
varying solubility in the blood and tissue fluids, that which is retained 
in the body to-day from want of solvents in the blood, being excreted 
in excess on some subsequent day when solvents are again plentiful. 

I further found that all substances which increase the solubility of 
uric acid increase its excretion, while those which form insoluble 
compounds with it, or which remove the natural solvents from the 
blood diminish its excretion in the human subject: therefore urea 
_ excretion is very much a matter of formation, uric acid excretion a 
matter of solubility. 

But in so far as uric acid is probably formed in a definite proportion — 
to urea one can take diminished excretion of urea as the index of a 
diminished formation of uric acid, and vice versa, and in the treatment 
of many diseases I have advised the reduction of urea with the view of 
diminishing also the formation of uric acid. 

And putting this point to the test of experiment, I argued as 
follows :—provided uric acid is formed only in proportion to urea then 
it will matter very little from what source I get my urea if I keep my 
excretion of this substance always about the same level. 

I proceeded therefore to take meat in place of milk and fish for 51 
days, keeping my urea about its previous level of 300 grains per day. 

Now the 51 days on meat furnished a large excess in the excretion 
of uric acid nearly 1°2 grains per day ; and the relation of uric acid to 
urea on meat was 1—22 as against 1—27 in a previous 51 days on milk 
and fish. 

And others have found the same thing, some of them putting the 
increase of urate excretion on a flesh diet as high as 40°/,’. 


1 See Uric Acid, p. 66 and elsewhere. 
2 See Wiener med. Woch., March 1893, 8. 565. 
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I also found that while I was taking meat I had threatenings of 

headache and other symptoms, leaving no doubt on my mind that there 
was an excess of uric acid passing through the blood. 
_ No doubt the excess of urate thus furnished by meat diet is the 
cause of the headache, high arterial tension and other troubles about 
which I have written, and this explains completely why leaving off 
‘meat has had such a marvellously good effect in my own and many 
other cases. 

But my problem here is a different one, and concerns the 
explanation of this excessive excretion of urate on meat diet. 

Is it a mere excessive excretion? probably not, because I have been — 
for years on a milk and fish diet with a free excretion of urate, and it is 
extremely unlikely that I had at the beginning of my meat experiment 
anything like 60 grains of uric acid in my body ready to be brought out 
by solvents. 

Is the supposed relation of uric acid to urea in formation incorrect 
or does it fluctuate greatly with the source from which the nitrogen is 
obtained ? 

If no other explanation could be found we should probably be — 
driven to some conclusion of this kind: but thinking the matter over it 
occurred to me that the known facts might after all afford some 
explanation. 

In my book and elsewhere I have pointed out that human muscle 

as also the muscle of the ox does contain a considerable percentage of 
uric acid while meat extracts and meat juices contain quite a large 
quantity ; though these facts as regards animals were previously well 
known and mentioned in the text-books’. 
Ina piece of beefsteak I found’ about 13 grain per pound of uric 
acid, the meat being simply minced and extracted by the process given 
by Salkowski and Leube’, and my opinion is that with the more 
complete disintegration of digestion probably double this quantity could 
be obtained. 

If therefore we put down the quantity of uric acid in a pound of 
beefsteak at 2°6 grains we shall probably not be over the mark. 

It now naturally occurred to me to ask is this urate contained in 
meat simply absorbed and excreted in the urine? Supposing that in 
meat and soup I took during my 51 days’ experiment the equivalent of 


1 Handbook for the Physiological Laboratory, p. 456. 
2 Uric Acid, p. 51. | 
3 Die Lehre vom Harn, p. 94. 
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half a pound of meat a day, this would introduce 1:3 grains of uric acid 
per day, and this would almost exactly account for the observed excess 
in excretion. 

But if this is the explanation uric acid taken by mouth ‘oa be 
pre into the blood and- excreted in the urine; and I at once 
proceeded to test the point directly. 

It naturally then occurred to me that the reason Sir A. Garrod 
and others had found no increase of urate in the urine when it was 
given by mouth was that they had paid no attention to solubility, but 
concluded that the rules which apply to soluble urea would also apply 
to insoluble uric acid. | 

But I have shown that the excretion of uric acid is almost entirely a 
question of solubility. 

I then took uric acid (pure) by mouth, keeping myself well under 
salicylate of soda with a view to keep up the solvent powers of the ~ 
blood for urates. What I found was that on the day I took the uric 
acid there was a rise of acidity, a rise of urea, and only a very slight rise 
in the excretion of uric acid: but on the two or three subsequent days 


_ there was a very distinct rise in the excretion of uric acid, which 


appeared to be roughly proportional to the amount taken. 

_ I was now in a position to explain another point, namely, the rise of 
urea which follows the administration of uric acid by mouth: it is due 
to the increased metabolism which uric acid produnes and it is not in 


“any way due to decomposition of uric acid. 


In my book? I have pointed out that when a marked rise in acidity 

is produced this is generally accompanied by a rise of urea, and that 
this rise of urea is due to increased metabolism in the digestive and 
metabolic tissues of the body owing to their arterioles being relaxed, 
and the circulation through them improved. 
_ And practically everything that clears uric acid out of the blood will 
do the same; for uric acid contracts the arterioles and diminishes 
metabolism, and its absence from the blood allows them to relax, and 
quickens metabolism. 

Now why does uric acid raise the acidity ? there is I think no great 
difficulty in finding a probable answer to this question. 


If uric acid is added to Na,HPO, we get urate of soda and 


NaH,PO, which has an acid reaction and accounts for part of the acidity 
of the urine*: but Na,HPO, is a constituent of the blood and it is 


_ | Urie Acid, pp. 121-5, J. and A. Churchill, 1892. 
* Garrod, lor, cit, 
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_ probably also the most important solvent of uric“acid in the blood’: 
but if uric acid changes part of the Na,HPO, of the blood into 
NaH,PO, which is no longer a solvent, uric acid will in this way 
interfere with its own solubility in the blood; and there is no doubt in 
my mind that it does this. 

This is the reason that an increase of urea and no increase of uric 
acid was found to follow the ingestion of urates: for the uric acid does — 
not remain in solution in the blood. 

The same thing applies to the injection of urates into the blood: it 
is easy to inject urates into the blood-stream of animals, but it is a very 
‘difficult thing to make certain that they shall remain even a few 
minutes in solution in their blood: probably they are at once thrown 
out into the organs and tissues’ unless the blood has been previously 
supplied with solvents, and thus got into condition to hold them in 
solution. 

A similar rise of urea and acidity can be produced by any acid or 
salt of a mineral acid, even a few grains of sulphate of soda, that like © 
uric acid will convert a certain amount of Na,HPO, into NaH,PO,, 
and here there has been no fresh nitrogen introduced to which the rise 
of urea can be due. A similar rise of urea can be produced by any 
metal (such as Mercury, Lead, Zinc, Copper, Silver) which forms an 
insoluble compound with uric acid, and so clears it out of the blood 
and allows the arterioles to relax and metabolism in general to increase. 

- At some future time I shall have more to say about the action of 
uric acid in interfering with its own solubility in the blood, and its 
having in consequence a stimulating action on metabolism in general : 
because I believe that a knowledge of this fact is the key to the 
stimulant action of meat extracts, beef-tea, soups, etc. and also of some 
other extracts, such as that of the testes and thyroid gland, with some of © 
which I have experimented; and in the case of the testes it has been 
found that an injection of Phosphate and Sulphate of Soda is an 

equally good stimulant, just as I should expect*. 
No doubt all these extracts contain also Phosphates and Sulphates, 
and the resulting stimulation of metabolism is due in part to these 
- constituents, and the rise of acidity they produce. 
Fig. 1, Plate X. shows the effects of uric acid by mouth in modifying . 

a salicylate of soda curve. The rise of uric acid on day 4 js due to the 
| 1 See Medico-Chirurgical Transactions, Vol. uxt. 


2 This Journal, Vol. vim. p. 214. 
3 See Epitome of British Medical Journal, March 1893, p. 47. 
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low acidity on day 3, and-the morning ‘alkaline tide’ of day 4. On 
day 5 salicylate of soda is begun, and it is continued on day 6, and on to 
the end of the figure: the dose from day 6 to he 12 being 15 ers. 
three times a day. | 

- Now in my book, Fig. 4, p. 19, is shown an ordinary curve. of 
excretion on salicylate of soda, the dose being 15 grains three times a 
day, as in this figure, and we there see that on the first day of salicylate 
uric acid exceded urea by nearly 5 grains, on the second day it was only 


_ } grain above it, on the third day about 14 grains above it, on the | 


fourth day about 2 grains above it, and on the fifth day about 14 grains 
above it: that is to say, on 5 days uric acid was excreted in excess of 
urea to the extent of about 11} grains, while in Fig. 1 in the 5 days, day 
6 to day 10 inclusive, it was excreted in excess of urea to the extent of 


«BS grains, 4 ess 3 grains, 3} grains and 44 grains, together 20} 


grains. 

That is to say, an ordinary excretion on salicylate of soda 15 grains 
three times a day might be expected to cause the output of some 
11 grains of uric acid in five days above the relation to the urea 
excretion of 1 to 33 (the basis of the curves), while in Fig. 1 the 
excretion of uric acid exceeded this expected amount by nine grains: 
can there be any reasonable doubt that this excess was supplied from 
the 12 grains of uric acid ingested 6 grains on day 6 and the rest on 


day 81? 


In Fig. 2 the acpednent has been varied, salicylate of soda has 
been taken in the dose of 20 grains three times a day for several days, 
and in days 1 and 2 of the figure the excretion of uric acid is steadily 
falling, and on day 3 therefore 6 grains of uric acid are taken with the 


following result. 


On day 2 uric acid exceeds urea by about 2} grains, on day 3 it 


only exceeds it by about 2 grains, on day 4 it exceeds it by nearly 


3 grains, on day 5 it exceeds it by 3} grains, on day 6 by 3} grains, and 
on day 7 by nearly 4 grains. The fall on day 8 is simply due to the 
withdrawal of the drug and does not show that all the available uric 


~ acid has been excreted. 


~ 


' The figures on each side of the water curves represent the hourly excretion of urinary 
water: the figures on the left of the X being obtained by dividing the total excretion of 
16 hours of the day by 16; and those on the right by dividing the total excretion of 8 
hours of the night by 8, I recorded some results of this investigation in a paper, ‘‘The 
Elimination of Water and the Pathology of Dropsy,” Lancet, July 1892. See also this 
Journal, Vol. xi11. p. 327 et seq. 
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Here again uric acid taken by mouth when the excretion is falling 
causes it to rise and remain up for several days. 

Fig. 3 shows the same thing and also makes it appear that the 
rise in excretion is to some extent proportional to the dose of uric 
acid taken. 


Day 1 shows a large excretion of uric acid on a dose of salicylate of — 


soda 15 grains three times a day; on day 2 I expected a fall in 
excretion, and I therefore took three grains of uric acid: there was a 
slight fall, but this is followed by a rise next day, a slight fall on day 4, 
and a more decided one on day 5. On day 6 as excretion is falling 
I took 4 grains of uric acid, then came a slight rise in excretion 
followed by a much more decided one on days 7 and 8 and a fall again 
on day 9. 

We are now in a position to understand more completely the 


physiological fluctuations in the excretion of uric acid, and Fig. 4 shows — 


the ordinary effect of a meat and wine dinner. 

With the exception of a single dose of quinine on day 5 no iran 
were taken. 

~ On day 2 meat and wine were taken at dinner, and we see the 


marked and immediate rise of urea, the rise of acidity on days 2 and 3 — 


and the fall of uric acid which they produced. 


Later on, as acidity falls on day 4, there is a windked rise of uric acid, 


which comes gradually down again on days 6 and 7. 


Now this is the ordinary and general result of a meat and wine 


dinner and it gives us in its simplest terms the pathology of the uric 
acid headache. 

‘Those who like myself oafler from this trouble and indulge in a 
good dinner will generally not feel ill on the Ist or 2nd day after it, on 
the contrary they will feel brighter and better because the acidity has 
been raised and the excretion of uric acid has been reduced; and if 


they have only a little knowledge they will fancy that the dinner has — 


done them a lot of good: on the 3rd day however the picture changes, 
acidity comes down again, and uric acid goes up, they begin to have 
_ depression and debility with high tension pulse and threatenings of 
headache, more or less severe according to the absolute amount of urate 
that passes through the blood. 

_ We can now understand more completely than has ever before been 
possible the cause of this rise in uric acid excretion on days 4 and 5. 
It is in part no doubt due to some little retention on days 2 and 3, for 
uric acid is nearer urea on those days than it was on day 1, but it is 


> 
4 
§ 
¥ 
ys. 
24 
ton 
4 
“WG 
ig 
4 


4 
if 
iM 
i 
it 
1 


also no doubt due to a considerable extent to the uric acid in the soup, 
meat and meat extracts, consumed at the dinner oday 2. | 

This figure also gives us in its simplest terms the pathology of 
Bright’s disease, note the fall of urea on days 4 and 5 and its rise 
on days 6 and 7 as uric acid falls, and this also is a constant result, _ 

While any considerable amount of uric acid is passing through the 
blood the arterioles all over the body are contracted, metabolism in the 
digestive organs and all the tissues is reduced and a fall in the 
formation and output of urea is the result. (See previous remarks 
on these points.) 

Prolong this slackening of metabolism by uric acid over weeks in 
place of days and you have chronic Bright’s disease, which like the uric. 
acid headache is at first functional and capable of being removed, but 


later, owing to the wasting and degeneration of the metabolic tissues, 
becomes organic and practically incurable. 


But I have written at length on this subject elsewhere’, and will 
only mention in conclusion two points in which my results seem likely 
to modify the study of uric acid pathology. 

If uric acid taken in meat extracts and meat food passes into the 
blood and tissues, and from these at some future time back into the 
blood and out in the urine, the formation of uric acid in the body has 
been put a good deal too high, because no allowance has been made for 
direct absorption of this kind. 

If a man excretes 500 grains of urea, and uric acid in the proportion 
of 1 to 33, say 15 grains, and if I am correct in my above arguments, 
1} to 2 grains of this uric acid will have entered the body by direct 
absorption from food, and’ if we subtract this, his formation for 500 . 
grains of urea would be only 13 grains of uric acid, a relation of 1 to 
38: or in place of the old relation of something between 1 to 80 and 
1—40 we shall have to say something between 1 to 35 and 1—45, and 


I am inclined to believe that on many rich diets where meat extracts 


are largely used, the direct absorption of uric acid may be far more than 
2 grains a day. 

Lastly, if my facts are good it will be possible in the future to study 
the effects of urates on the physiology of man himself, by the simple 
process of direct administration: bearing in mind however that they 
may not be in the blood in any quantity on the day of —— 
and not indeed till the 3rd or 4th day after it. 

_ In my experience the symptoms of are: perfectly 
1 Urie Acid, Ch. x1. 


he 
+ 
cy 
be 
< 
ta 
aq 
wg 


19. 2 


** 


asop 21/08 npos 


Dad f) 
us AQIDIIY 
29 ul 


1300.30.10. 330. 
M00.20.9. 297... 


x = 


1g00.60.13.429. AC. 


2100.70.14. 
700. 0. 7. 231. 


Acid 


Acidity 
\ 
\ 


owns 


Fig.l. 


ON 


JOURN. PHYSIOLOGY. 


- 


/ 


(300. 30.10. 330, '38X80- 


On 


“ “Play 
ut 

ul 49704" 


700. 0. 7. 


1500. 40.11. 363.5» 
100. 20.9. 297. 
900.10. 8.264. 


2100.70. 14 
(900. 60.13. 429.50. 


7 
q 

. / \ 4 1 

\ 
i 
; 
\ 
/ / \ 

4 / \ 63 44 

* 

Wecler 
4 

5 . Urea 8X32 

‘Is 

a S 

‘x 

> 


VOL.XV. PLATE X. 


3 
Cambridge Engraving Company. 


oy 
auiy 


Fig.4. 


oy 


surosb ui AQIDIIY 

22 ul 


900.10. 8. 264.4 
700. 0. 7. 23/ 


1300. 


1500.40.11. BOB. 
00. 20.9. 297. 


1700.50.12. 396. 


2100.70.14 
1900.00.13.429, 


awns 


+ 


~ 

~ 

~ 

Fig.3. 


auras 


£46 Bioy 


Urea 


1300. 30.10.330.° 


33 


‘92 4A70M 


1500. 40.11. 363.°° 
100.20. 9. 297. 
900.10. 8. 

700. 0.7. 231 


2100.70. 
1900. 


On 


4 

\ 

\ . 

\ \ ‘ 

t % é 

\ 

\ 

\ \ \ ¥ 
\ \ 383 80 67 
\ : 40Xbe \ 
3 3 


| 
| 
“ 
} 
ia 
ag 
a 
#4 
- 
* 
i 
‘ 
| 
P 
YA 
4 
ret 
4 
‘ 
Cis 
% 
> 
é 
4 


_ EXCRETION OF URIC ACID. 175 


distinctive, and I can generally tell quite well, either in myself or 
others, when any great excess of urate is passing through the blood: 
but when there is any doubt the urine should be collected and analysed 
from day to day. 

We can now see quite clearly why leaving off meat removed my uric 
acid headaches, and why any temporary indulgence in it tends very 
promptly to bring: ‘them back’. 

1 Those who are interested in the causation of these headaches will find a paper on the 


“Physics of the Cranial Circulation” in Brain, Spring number 1893, in which it is fully 
discussed. 
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On SOME GENERAL POINTS. 


Chief aim. In carrying out the experiments, an account of which is 
given in this Paper, my chief aim has been to determine the connections 
of the several sympathetic ganglia, both centrally with the spinal 
cord, and peripherally with the skin. The pilo-motor nerves of the cat 
were chosen for experiment, since they appeared to me to be most 
likely to give decisive results. 

Previous experiments upon nerves to the muscles of the hairs’. Some 
of the facts with regard to the origin and distribution of pilo-motor 


1 For the observations of Schiff, see p. 241. 
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nerves in the cat, I have given in an earlier Paper’ written in conjunc- 
tion with Dr Sherrington. And a brief summary of much of the 
work, given here in full, has been published in Proc. Royal ie (vol. 
52, p. 547, 1893). | 

Since the publication of the Paper by Dr Sherrington and alt 
I have become acquainted with an observation relating to erector fibres 
to the hairs by H. Miiller® He noticed in a cat that stimulation of 
the cervical sympathetic caused a movement of hairs in a small region 
of the skin near the upper, anterior edge of the ear; in this region he 
found no unstriated muscle except that of the hairs, and in consequence 
he concluded that the movement was due to the erectores pilorum. I 
have very little doubt that Miiller did actually see a movement of the 
hairs brought about as he describes, but it must be mentioned that the 
region in question is the region of the body in which a movement of 
the skin independently of the contraction of the muscles of the hairs 
is most readily obtained, (cp. p. 182). 

- Anesthetics. Anesthetics were used in all cases. With cats, chloro- 
form was first given, and then the a.c.e. mixture by a tracheal tube ; 
sometimes in addition about 2cc. of 2p.c. morphia were injected 
subcutaneously. With dogs, a solution of morphia was first injected 
subcutaneously, and then the a.c.e. mixture given. 

Nomenclature. Anatomically a grey ramus is the greyish semi- 
transparent strand running between a spinal nerve and a sympathetic 


_ ganglion, but in some cases where no such separate strand exists, it is 


customary to say that the grey ramus runs with the white ramus. 
Further, the bundles of nerve-fibres given off by the superior cervical 
ganglion to the cranial, as well as those to the spinal nerves, are also 
called grey rami. ‘I shall use the term grey ramus in its customary 
loose sense. For complete accuracy a new nomenclature would be 
required, and this seems to me to be premature. 

_ I shall at times use the terms pre-ganglionic (pre-cellular) and 
post-ganglionic (post-cellular) for efferent sympathetic fibres before 
and after they have traversed nerve-cells. These terms involve the | 
view that each sympathetic nerve-fibre has a nerve-cell on its course in — 
one ganglion and in one ganglion only—a view which I have previously 
advanced, and of which I shall have more to say at a later time. In 
saying that a fibre ‘traverses a nerve-cell’ or ‘has a nerve-cell on its 


1 Langley and Sherrington. This Journal, xu. p. 278, 1891. (Description of pilo- 
motor nerves in the monkey by Sherrington, in the cat by myself.) _ 
H. Miiller. Wiirzburger Naturwissensch. Zeitschrift. Bd. 1. p. 54, 1861. 
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course’ or ‘ becomes connected with a nerve-cell,’ I mean that a nervous 
impulse set up in the fibre on issuing from the spinal cord passes 
through a nerve-cell before it reaches the periphery; I express no 
opinion as to the histological connection of the cell with the incoming or 
: with the outgoing nerve-fibre. And I express no opinion as to whether 
there is any branching of pre-ganglionic nerve-fibres, but I hold that if 
such occurs, then each branch must have a nerve-cell on its course. 

Extent of bilateral action of pilo-motor fibres. When a spinal nerve 
at its origin, or a part of the sympathetic system which contains 
pilo-motor fibres, is stimulated, the hairs affected on the head and body 
are almost entirely confined to the side on which the nerve is stimulated. 
The effect extends, as a rule, a half to one millimetre only over the 
mid-line. In order to determine how far the pilo-motor nerves of one 
side spread over the mid-line into the opposite side, it is advisable, if 
not essential, to stimulate the nerves on both sides and to note the 
extent of the region affected by both nerves. 


In my previous account I stated that on stimulation of one cervical 
sympathetic the effect on the hairs on the opposite side was observable for 
about a centimetre from the mid-line. This statement was based on experi- 

- ments in which the sympathetic was stimulated on one side only, and I think 
the apparent extent of the decussation was probably due to a displacement of 
the skin, although it is possible it was the expression of individual variation. 


_ On the tail, however, the decussation is considerable; stimulation of 
the appropriate spinal nerve, or of the lower part of the lumbar 
sympathetic on one side causes erection of hairs on the dorsal surface of 
the tail on both sides. The upper limit of the bilateral action varies in 
different cases; it may be at the lower edge of the sacrum, or a little 
above the anus, or a little below the anus, or even a third way down the 
tail. The upper limit then (cp. below p. 191) coincides with the upper 
limit of distribution of one of the sacral or coccygeal grey rami. The 
movement of hairs on the opposite side varies in strength, and is usually 
if not always somewhat less than on the same side. On the ventral 
surface of the tail the action is unilateral or nearly so. 

When the peripheral coccygeal nerves are stimulated, the effect is 
in the main unilateral, so that the marked bilateral action spoken 
of above must be due toa decussation of fibres in some one or 
more of the lower sympathetic ganglia; in fact in the sacral and 

- coceygeal region, one or more of the corresponding ganglia of the two 
sides are commonly connected together. So far I have not found any 
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certain association between the upper limit of the ganglionic connection 
and the upper limit of the bilateral action. | 

It may be mentioned that the hairs at the side of the tail take a 
more ventral direction, as well as become more erect when their pilo- 
motor fibres are stimulated. 

_ Difference in the action of corresponding nerves. The corresponding 
nerves on the two sides of the body do not always produce a movement 
of hairs of equal intensity; one may produce a distinctly stronger 
movement than the other. Moreover, the regions supplied by corre- 
sponding nerves on the two sides may be slightly different, one supplying 
a rather higher or lower region of the skin than the other. 

Variations in the activity of pilo-motor nerves. I have previously 
mentioned (op. cit.) that in some animals, stimulation of the cervical 
sympathetic has little or no effect. A similar absence of effect may 
occasionally be observed with other pilo-motor nerves. So far as my 
experience gues, this is rarer with the nerve-fibres running to the base 
a of the tail than with those running to any other part of the body. 
| Sometimes when the effect is slight on stimulating the spinal 
nerve-roots, or the sympathetic chain between the ganglia, a great effect 
may be obtained by stimulating the grey rami of the ganglia; appa- 
rently the fibres from the spinal cord to the ganglion may become unfunc- 
tional, whilst those from the ganglion to the hairs remain functional. 

I have not observed that sex has any relation to pilo-motor 
phenomena; I have obtained all degrees of effect both i in the male and 
the female. 

Path of pilo-motor fibres in the spinal cord. When the spinal cord 
is cut across, in the thoracic region and the lower end stimulated, an 
erection of hairs can be produced in all parts of the body supplied with 
pilo-motor fibres by the spinal cord below the cut. As was to be 
expected, the lateral columns of the cord contain the fibres which 
connect the brain with the local pilo-motor centres. With a certain 
strength of current, there is a marked difference in effect, as the 
electrodes are shifted across the cut end of the spinal cord, or over the 
outer portion of the columns. When the electrodes are placed on the 
posterior column, there is no pilo-motor effect, although there is a body 
movement; when they are placed on the anterior culumn, there is a 
movement of hairs in the region supplied by the nerve arising from the 
cord immediately below the point stimulated ; when the electrodes are 
placed on the lateral column, and not till then, the general erection of 
hairs is brought about. 
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It will be interesting to determine the effect on the hairs of 
stimulating the cortex of the cerebral hemisphere; since each spinal 
nerve from the vth thoracic to the 1rd lumbar has a recognizable 
pilo-motor distribution, it may be possible to determine a separate 
cortical connection for each of these spinal nerve segments. | 

Path of pilo-motor fibres in the nerve-roots. The pilo-motor fibres 
run from the spinal cord in the anterior roots of the spinal nerves. I 
have never found any sign of their presence in the posterior roots 
except when there was reason to fear an escape of current. 

Fatigue. When the movement of the hairs is slight, the stimulus 


should not be too quickly repeated. There is a great difference in the 


rate of development of fatigue; in some cases, the movement of the 
hairs becomes rapidly less on repetition of the stimulus; in other cases, 


it continues with scarcely lessened energy. When the circulation is 


much enfeebled, as it may be, for example, after removal of a large part 
of the spinal cord, the response of the hairs is much diminished, and at 
the end of a protracted experiment, it may cease altogether; hence all 
doubtful points, especially as regards the distribution of en 
fibres, should be determined early in an experiment. 

Duration after death. . After death, pre-ganglionic fibres soon cease 
to be effective, but the post-ganglionic fibres produce their customary 
effect for one-quarter to three-quarters of an hour. Langendorff? has 
shown that stimulation of the fibres running from the superior cervical 
ganglion causes dilation of the pupil at a time after death when 
stimulation of the cervical sympathetic has ceased to be effective. A 
similar difference between pre-ganglionic and post-ganglionic fibres, I 
have observed in all the sympathetic fibres I have experimented on, 
and it may I think, be taken as a rule that after cessation of the 
heart-beat, sympathetic nerve-cells die earlier than nerve- 
fibres and the peripheral structures with which the nerve- 
fibres are connected. 

General precautions in experimenting. The hairs should be cut 
short in the region to be observed, otherwise there may appear to be an 
overlapping of areas when none really occurs. Since the hairs after 
erection only gradually return to their original position, they must be 
smoothed down before each nerve-stimulation. To aid subsequent 
recognition of the areas supplied by separate nerves, it is convenient to 
mark the limits of the areas with different coloured pigments dissolved 
in alcohol. | 


, Langendorff. Centrald. f. Physiol. Ba. v. p. 129, 1891. 
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Contraction of wnstriated muscles of the skin. In a few cases, 

stimulation of the sympathetic causes a movement of the skin which 
appears to be brought about by muscle cells other than those of the 
hairs. This is most marked in the area of the face between the eye 
and ear. Near the ear, the skin moves as if there were a contraction of 
muscles lying parallel to the front of the ear, and this, when pronounced, 
_ causes a movement of the skin above and below it, in regions in which 
no erection of hair's is taking place; near the eye, the skin moves 
backwards towards the ear. By an oversight in my earlier account 
(op. cit.) I spoke of this as being due to a contraction of the platysma. 
A similar movement of the skin, though less marked, is sometimes seen 
over the root of the tail; and traces of such a movement are found in | 
most regions in which pilo-motor nerves occur. 
_ Apparent absence of inhibitory fibres. On the analogy of the 
unstriated muscle-cells of the blood vessels and of the intestines, it 
might be supposed that the muscle-cells of the hairs would be supplied 
with inhibitory nerve-fibres. So far, I have not been able to find any 
proof of the existence of such nerve-fibres. In the cat when the hairs 
have been erected. in consequence of nerve-stimulation, they slowly 
- return to, or nearly to, their original position. If inhibitory fibres were 
present in a nerve, their presence might be shown by a quickening of 
this return. I have tried induction-shocks, weak and strong, of slow and 
fast rate, applied to spinal nerves and to grey rami, but have not been 
able to observe any constant alteration in the rate of relaxation of the 
erector muscles of the hairs, though now and then for no obvious reason 
the rate is quickened. A fact which might perhaps be taken as an 
indication of the existence of inhibitory fibres is that in some cases— 
especially with grey rami and peripheral nerves—a strong current is 
required to cause movement of hairs and in other cases a very weak 
current is sufficient. 


THE PERIPHERAL DISTRIBUTION OF THE Pito-Moror ‘FIBRES 
PRESENT IN EACH GREY Ramus COMMUNICANS, 


Brief description of the sympathetic chain. 


It will probably render the ensuing account clearer, if a brief general 
statement be first given of the anatomical arrangement in the cat of 
the parts of the sympathetic system to which I shall have to eerer 
(cf. Plate VIT.). 

The superior cervical ganglion (Fig. 1a) gives off iedesieals a group 
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of nerve-bundles—the anterior strands or cranial rami. It gives off also, 
_ from its dorsal and posterior part, fibres to the first three cervical nerves’. 
The arrangement of these fibres varies considerably. Usually there are 
two distinct rami; one, the upper ramus, runs to the Ist cervical nerve, 
or to the communicating branch between the Ist and the rnd, the 
other, the lower ramus, gives branches to the 1nd and mird cervical 
nerves. In addition the ganglion sends a bundle of fibres to the external 
carotid artery. 

A small accessory cervical ganglion’ (Fig. 1b) is sometimes present 

at about the level of the origin:of the thyroid artery. When absent 
as such, it may be regarded as being united with the superior cervical 
ganglion. It sends a grey ramus to the Imnd and Iird cervical nerves. 
_. The arrangement of the nerve-bundles running from the ganglion 
stellatum (Fig. 2) also varies. Usually a bundle runs anteriorly from it 
and soon divides; one part joining the vith cervical nerve, the other 
(vertebral ramus) entering the canal in the transverse processes of the 
vertebra, and giving off filaments to the cervical nerves from the vith 
to the rd inclusive. Some fibres appear to run on past the muird 
cervical nerve but their further course I have not traced. The ramus 
to the vilith cervical nerve may branch off from the combined verte- 
bral and vuth strand, or run separately from the ganglion, or leave the 
ganglion with the ramus of the Ist thoracic nerve. 

The filaments (grey rami) given off by the ganglion stellatum to the — 
first 3 or 4 thoracic nerves run either in the same sheath as, or in such 
proximity to the white ramus as not to be anatomically separable. 
The grey ramus to the Ist thoracic ganglion sometimes runs separately, 
but its course is short. 

A Ivth thoracic ganglion is sometimes present, but ondinarity, it has 
more or less completely passed into the ganglion stellatum’. 

From the vth thoracic nerve to the Ist coccygeal, there is in nearly 
all cases a ganglion and grey ramus corresponding to each spinal nerve 
and vertebral artery. 

From the vth to about the xth thoracic nerve the white ramus is 


1 OF. Proc. Physiol. Soc, No. I. 1898. (This Journal, Vol. xrv. No. IL. 1998.) 

2 I have made a microscopical examination in a few of the cases in which no 4th 
thoracic ganglion was visible to the eye; in each of these cases some nerve-cells were 
present, so that I am not certain that this ganglion ever completely paszes into the 
ganglion stellatum. The 5th thoracic ganglion is sometimes barely visible to the eye; I 
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close to the grey (Fig. 3). From about’ the xth thoracic nerve to the 
Ivth lumbar nerve, the white ramus runs downward to, or nearly to, the 
ganglion next below (Fig. 4). The vth lumbar nerve may have a white 
ramus running, approximately, to the 6th lumbar ganglion. Below this, 
there is no white ramus. 

Not infrequently there are two white rami running to a ganglion 
and two grey rami running from it, but this is a matter which it will 
not be necessary to consider in detail in this Paper. : : 


: Methods of determining the areas of the skin supplied 
| 7 by each grey ramus. 


Before describing the methods, it may be remarked that there 
is necessarily a lack of accuracy in determining the areas, since they 
must be described with reference to some underlying structure, and 
the skin, especially in the neck and the upper part of the thorax, is 
readily moved on the underlying structures. Further, during dissection 
some care is required to avoid dragging the skin from its natural position. 

The methods are as follows :— 

(a) The sympathetic trunk near a ganglion is tied and cut. The 
other strands connected with the ganglion, except its grey ramus, are 
cut. The piece of the sympathetic attached to the ganglion, the 
ganglion itself, and the grey ramus are, as far as possible, isolated, 
and the grey ramus stimulated. 

In most cases, however, the grey ramus is difficult to isolate, and 
is so short that an escape of current on stimulating it, is almost certain. 
In some cases, the isolation is not practicable. 

But with the lower lumbar and first sacral rami, this method 
presents no great difficulty. It must be borne in mind, however, that 


these ganglia have commonly two grey rami. 


(6) The white ramus, if separate from the grey, is cut. The 
trunk of the sympathetic is tied and cut on both sides of the grey 
ramus, and one or both parts stimulated. In the lumbar region, it is 
sufficient to stimulate the part of the trunk above the ramus. , 

(c) The sympathetic trunk is cut above and below the grey ramus, 
and the ganglion isolated so as to allow electrodes to be placed under 
it. Nicotin is injected into a vein; this, in sufficient amount, prevents 
reflex action of any kind, so that it may not be necessary to cut the 
white ramus. If, however, the white and the grey ramus are connected 


1 The position of the ramus 
nerves, whether anterior, median, or posterior, 
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with different nerves, the white ramus should be cut (cp. p. 193). I 
usually inject 4c.c. of a 1 pe. solution of nicotin, and either just. 
previously to doing this give 2 cc. of a 2 p.c. solution of morphia, or 
after giving nicotin connect the intake tube of the artificial sed sonia | 
apparatus with a bottle of the ac.e. mixture. 

‘This is the most convenient method for most of the thoracic rami; 
some special directions for dealing with the rami of the ganglion 
stellatum will be given later (p. 187). 7 

Similar experiments can be made without nicotin; but with 
anesthetics alone and with white rami uncut, the stimulation causes 
reflex body movements, and might, possibly, cause reflex movement 
of the hairs, A combination of anesthetics and curari prevents reflex 
body movements, but leaves the possibility of a reflex hair movement. 

(d) An additional method will be best described later (p. 202; 
cp. also p. 196). 


Region supplied by the rami in connection with the 
cervical sympathetic. 


Stimulation of the cervical sympathetic causes as I have previously 
stated (op. cit.) an erection of hairs (1) in a roughly three-sided area 
of the face between the eye and the ear. This may for convenience be 
called the face area; (2) in a dorsal strip of skin beginning a short — 


distance behind the anterior level of the ears and stretching some 


distance down the neck. 

In many cases, the movement of the hairs is confined to these 
regions, but, not uncommonly, it extends to a greater or less extent 
over some other part of the head dorsally of the face area; and 
occasionally it includes the whole dorsal region of the head. 

When the effect of the cervical sympathetic is slight only, it 
consists usually in a movement of a few scattered hairs in the face 
area. 

In the face area, the hale 3 in most cases, are sparser than elsewhere ; 
there is a more or less marked absence of ‘down.’ Occasionally the 
area is almost bald. 

The lower limit of action of the cervical sympathetic, is, as a 
rule, some point over the 4th cervical vertebra, but it may be a little 
higher or a little lower than this. : 


Curious variations occur. In one case, the cervical sympathetic had very 
little effect outside the customary areas, except in a line two to three 
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millimetres broad down the mid-line of the head, and the hairs in this’ 
narrow strip were erected by both sympathetic nerves. In another case, the 
hairs over the first centimetre and a half of the neck moved very slightly, 
oe the hairs just above and just below were strongly erected. 


The anterior branches of the superior cervical ganglion (cranial - 
rami) supply all the parts of the head in which hairs can be moved 
by stimulating the cervical sympathetic, except a portion of the back of 
the head. This uninfluenced region begins about a half to one 
centimetre behind the anterior edge of the ear. It will be convenient 


to designate it as the occipital region. 


I found, in one case, that the anterior strands contained some pilo-motor 
fibres for the hairs situated over the first two vertebre. After isolation of 
the cervical sympathetic and its ganglion to within a couple of millimetres 
of the carotid canal, stimulation of the sympathetic below the ganglion still 
caused a movement of hairs in the above-mentioned region. On this point, 
compare the experiments on the Dog, p. 229. 

When the anterior strands are tied and separately stimulated, or when 
the cervical sympathetic is stimulated, and the strands are cut in succession, 
a certain degree of separation is found in the course of the fibres for the 
face area, the pupil, the eye and the ear respectively. In one case in which 
the anterior strands were divided into two bundles, one bundle had the usual 
effect on the pupil and eye, but none on the hairs of the face area; the other 
bundle had the usual effect on the face area, but a very slight effect on the 
pupil. But the effects were inconstant in different experiments (in part 
perhaps because the anterior strands form a plexus), so that it did not seém 
to me worth while to follow the matter further. — 


The cervical rami of the superior cervical ganglion supply the hairs 
of the occipital region and of the back of the neck down to about 
the end of the 4th cervical vertebra. This can easily be shown, for, 
after section of the cranial rami, and of the branches to the external 
carotid, stimulation of the sympathetic in any part of the neck causes 
erection of hairs in the occipital region and in the upper part of the 
neck, but nowhere else. Apparently, in rare cases, the cervical sympa- 
thetic may have no effect below the 2nd cervical vertebra (cp. Plate 
_ VITL No. 32), but it must be remembered that in this region the skin 
is very easily shifted forward. 

The branches from the superior cervical desc to the external - 
carotid do not, in the cat, so far as I have observed, contain any pilo-_ 
motor fibres. 

The uppermost cervical grey ramus—the ramus running in large 
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part at any rate to the Ist cervical nerve—causes in nearly all cases 
erection of hairs in the occipital region. Apparently, however, the 
pilo-motor fibres of this ramus run outwards in the great occipital 
nerve, for in the one or two experiments which I have made with 
regard to this point, section of the great occipital nerve has deprived 
the cervical sympathetic of its effect upon the occipital region. 

The ramus which runs downwards, joining the umd and mtrd cervical 
nerves, causes erection of hairs over the upper vertebre and sometimes 
also in the occipital region. There is a variable amount of overlapping 
of the areas supplied by the upper and lower cervical grey rami. 


_ In one case in which three separate rami were found, running—so far as 
dissection showed—to the ist, md and wird cervical nerves, the first had 

no effect on the hairs, the second affected the hairs in the occipital region, the 
third affected the hairs in the upper part of the neck. The first and second 
caused constriction of the blood vessels of the ear, the third did not. 


When an accessory cervical ganglion is present, its ramus supplies — 
the occipital and neck region; the simplest way of showing this is to 
cut the sympathetic above the Srey ganglion and to stimulate the 
sympathetic below it. | et 

Pilo-motor fibres run in both branches of the annulus of Vieussens. 


Region supplied by the rami of the ganglion stellatum. 


In order to expose the ganglion stellatum the first four or five ribs 
on one side are ligatured near the sternum, and at some little distance 
from it, and the portion of the ribs between the ligatures is cut away. 
The ribs should not be ligatured close to the vertebre, for if they are, the 
dorsal branch of the spinal nerves, in which the pilo-motor nerves run, 
will probably be included in the ligature. 

To stimulate separately the branches given off to the cervical 
nerves by the vertebral ramus (cp. above p. 188) is scarcely practicable ; 
and it would be difficult to stimulate separately the vertebral ramus 
and the ramus to the vith cervical nerve. I have contented myself 
with tying and cutting these two rami together at the anterior end of 
the ganglion, separating when possible the ramus longus colli, and 
stimulating them peripherally. Such stimulation causes erection of 
hairs in the back of the neck and on the extreme upper part of the 
thorax. The limits of action vary in different cases. The upper limit 
may be at about the end of the 4th cervical vertebra, or it may be at 
the upper part of the neck at the junction with the occipital region 
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of the skull. The lower limit is usually a little in front of the spine of 


the 3rd thoracic vertebra, but it may be a little higher or a little lower 
than this. The strip of hairs affected broadens in the lower part of the 
neck, and becomes still broader in the thoracic portion. Most of the 
broader portion of the strip lies over the scapula. 

In a few cases I have stimulated separately the central end of the 
ramus longus colli, in these cases the stimulation caused an erection of 
a small patch of hairs in the lowermost part of the region above 
mentioned. The patch of hairs affected corresponds, as we shall see 


_ later (p. 197), to that supplied usually through the vith cervical nerve, — 


or occasionally through the viith, so that we may take the pilo-motor 
effect of stimulating the central end of the ramus longus colli, as due 
me fibres which run with it from the ganglion stellatum to the 
or vith cervical nerve. 

In two cases only have I found a ramus to the villth cervical nerve 
which I could stimulate separately from the rest: in neither of these 
cases did it produce the slightest pilo-motor effect. 

In dealing with the rami of the first four thoracic nerves, I proceed 
in the following way. The two limbs of the annulus of Vieussens are 
tied, and cut peripherally of the ligatures; the anterior cervical rami 
of the ganglion are tied and cut; the ganglion is cut through between 
the 1st and 2nd rami; the sympathetic trunk is tied and cut below the 
2nd, 3rd and 4th rami. Thus a fairly long stretch of nerve is obtained 
with each ramus, and the electrodes can be gradually pushed along it 
until they just touch the ramus. 

Sometimes the ramus of the Ist thoracic nerve has no pilo-motor 
fibres. When it has, and this is the more frequent case, it causes 
erection of a patch of hairs immediately below the lower border of the 
strip affected by the cervical rami. The patch stretches (with some 
trifling exceptions) from some point between the 2nd and 3rd thoracic 
spines to some point between the 3rd and 4th thoracic spines (cf. 
Plate VIII.). There is a slight and variable overlapping of the areas of 
the 1st thoracic and the cervical rami. 

One or two features with regard to the distribution of the grey . 
rami, it will be convenient to mention at once. In most cases, 
successive grey rami supply successive areas of the skin. But two 
neighbouring areas are rarely, if ever, completely separate areas. 
Usually they just perceptibly overlap, that is by half to one millimetre. 
But in some cases the overlapping is greater. 

It must be understood then throughout this account that when I speak 
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of successive areas, I do not exclude some degree of overlapping. If, 
however, the overlapping is more than one-third of the antero- 
posterior length of the area, it will be specially mentivned. | 

The 2nd, 3rd and 4th thoracic rami affect successive small areas of 
about a vertebra in length ; that of the 2nd thoracic follows on the area — 
of the Ist, or when the 1st thoracic is ineffective, the area of the 2nd 
thoracic follows on the area of the cervical rami. The relative length 
of the areas supplied by these grey rami varies not inconsiderably, thus 
an area may be less than a vertebra in length or extend over nearly 
two vertebre. 

From what has been said, it will be seen that the combined rami’ of 
the ganglion stellatum may supply the skin from the back of the 
head to the end of the 8th thoracic vertebra, but that the limits may be 
less and stretch from the 4th cervical vertebra to some part of the 7th 
thoracic. 

I have already mentioned that the strip of hairs affected by the 
cervical rami broadens gradually in its lower part. That affected by | 
the upper thoracic rami rapidly narrows. Thus the maximum breadth 
of the strip having pilo-motor fibres is at about the junction of the area 
of the cervical rami with that of the thoracic rami of the ganglion 
stellatum, and this lies over the upper part of the 3rd thoracic vertebra. 
In the area of the 4th and sometimes in the area of the 3rd thoracic 
ramus, the breadth of the strip diminishes to that which it has (ap- 
proximately) in the more posterior regions of the thorax. 


Region supplied by the grey rami of the other ganglia 
of the sympathetic chain. 


Each ramus, from the 5th thoracic to the 4th lumbar, contains pilo- 
motor fibres; these supply successive small patches of the skin of the 
back. The patch of the 5th thoracic ramus follows on that of the 
4th. The length of each patch is about that of a vertebra, but 
there is no accurate correspondence between the length of the 
patches and the length of the vertebre. As a rule, the patches 
in the thoracic region are a trifle longer than the vertebre ; in the 
upper lumbar region, the patches—which receive pilo-motor fibres 
from the lower thoracic rami—are commonly a little shorter than the 
vertebra. Any two or three successive areas may vary and apparently 


1 | include here the nerve-fibres which the ganglion, as a rule at any rate, sends to the 
ivth cervical nerve. 
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independently of the rest, one being a little longer and another a little 
shorter than usual. 

In the cat the spines of the 9th, 10th and 11th vertebre are usually 
close together’, but there is no diminution of the skin areas of the rami — 
which supply this region. In most cases the grey ramus of the vith 
thoracic nerve supplies the piece of skin over the spines of these 
vertebra, but the distribution of the rami varies somewhat in different 
animals, so that this portion of the skin may be supplied mainly from 
the grey ramus of the vith or from that of the vitith nerve. 

The 4th lumbar grey ramus supplies a portion of the skin over the 
7th lumbar vertebra and the sacrum; over the upper part of this 
region when the 5th lumbar ramus has an effect upon the hairs; over 
the lower part of this region when the 5th lumbar ramus has no such 
effect. | 

The grey rami of the remaining lumbar nerves may or may not 
contain pilo-motor fibres, The 5th lumbar ramus in a considerable 
majority of cases does contain them, they run to the skin over the 
lower part of the sacrum. 

The 6th lumbar grey ramus very rarely has any effect on the hairs. 
Indeed I have only observed it to cause a movement of hairs in a 
separate patch of the skin once (cp. Plate VIII. No. 23), and in this 
case I am not absolutely certain that the effect was not due to an 
escape of current. 

The 7th lumbar ramus shinies no pilo-motor uc i in about half 
of my experiments. 

Commonly, either the 5th and 6th rami or the 6th and 7th rami 
have no pilo-motor fibres, and in one or two instances I have failed to 
find any such fibres in the 5th, 6th and 7th rami. 

Whichever nerve fails to be effective, there is.no gap in the skin 
supply of pilo-motor fibres, thus if the 5th, 6th and 7th grey rami are 
ineffective, the 1st sacral ramus supplies the skin area immediately below 
the patch supplied by the 4th lumbar ramus. : 

Moreover, the line where the area of the ramus immediately above 
the ineffective ramus or rami joins the area of the ramus immediately 


1 There is an anterior, a median, and a posterior arrangement of the spines of the 
vertebra, as there is of the spinal nerves (cp. p. 210). In the anterior arrangement the 
spine of the 10th vertebra is vertical, and with straightened vertebral column, is covered 
by the posteriorly projecting spine of the 9th vertebra, and the anteriorly projecting spine 
of the 10th vertebra. 
nearly hidden spine. | 
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below the ineffective ramus or rami is in a nearly constant cies viz. 
at the end of the sacrum. 

As over the shoulder, so over the hip there is a broadening of the 
strip in which a movement of hairs can be obtained. This broadening, 
which is somewhat variable in different animals, occurs over the lower 
part of the sacrum and in the region immediately below it. 


It may be noticed that Sherrington found the ‘pilo-motor area in the 
_ monkey to extend for some distance down the thigh. 


In stimulating the sacral rami, there is considerable chance of 
escape of current; and probably some of the variations which I have 
observed in the distribution of these rami were due to an escape of 
current. In some «cases the overlapping was of the ordinary trifling 
extent, in others the overlapping was so great that neither the 2nd 
nor the 3rd sacral ramus had an ‘exclusive’ area. There can however 
be no doubt that the areas do vary greatly. 

I have tried to avoid an escape of current by tying and cutting 
the coccygeal artery and vein as well as the sympathetic trunk above 
and below the 2nd and 3rd sacral rami, and in these cases have 
generally found the overlapping to be slight. But I am not inclined to 
lay any great stress on the results of the experiments made in this 
manner, since they were few in number, and, since the interference 
with the blood supply no doubt causes some diminution of irritability in 
_ the nerves and muscles. 

As a general statement we may say that the area of the 1st sacral 
ramus follows on that of the last effective lumbar ramus, whether this 
be the 4th or a lower lumbar ramus. The area lies over some part of 
the tail above the level of the anus, and it spreads out over the leg, the 
antero-posterior length of the area becoming greater in its lateral 
extension. It must be remembered that the Ist sacral ganglion usually 
sends a ramus to the vilth lumbar nerve (Plate VII.-Fig. 5), stimulation 
of this ramus causes movement of hairs in the area supplied by the 
ramus from the 7th lumbar ganglion; the effect however is often 
weak and may be observable in a part only of the area. 

The 2nd sacral ramus supplies the skin of the tail dorsally of the 
anus, stretching chiefly anteriorly of it. In an animal with outstretched 
legs, the leg portion of the area of the 1st sacral ramus often lies laterally 
of the area of the 2nd sacral ramus. The 2nd sacral ramus may also: 
supply a portion of the skin laterally of the tail, below or overlapping 
the similar region of the Ist sacral. 
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The 3rd sacral ramus supplies the skin of the tail for about an inch 
below the anus, and it not uncommonly includes one-half of the area of 


the 2nd sacral ramus, never however (so far as I have seen) stretching 
laterally of the tail. 


In one or two cases stimulation of the 3rd sacral ramus caused a movement 
of hairs for three to four inches below the anus, but I am inclined to attribute 
this to an escape of current. 


The rami have a unilateral, and not a bilateral action. 

Stimulation of the coccygeal part of the sympathetic after isolation 
from the sacral part, causes erection of hairs in the whole of the tail 
below—and generally including—the area of the 3rd sacral ramus. 


Sometimes also more or less of the area of the 2nd sacral ramus was 
included, but this again may have been due to an escape of current. 


I have made no attempt to separate the areas of the several 
coccygeal rami, by the methods given at the beginning of this section. 
Some observations on them by another method will be given later, 
(p. 206). 


The general conclusions to be drawn from the preceding experiments 


_ we shall have to consider in connection with some other experiments to 


be given later in this Paper, but it will make matters clearer to state 
broadly some of the results so far obtained. , 

1. The grey rami which run to successive spinal nerves 
and which contain pilo-motor fibres, supply areas of the skin 
which are in the main successive, although there is a certain 
variable amount of overlapping. cs 

2. The overlapping of two neighbouring areas is often 
very trifling, but it may be one-third of the length of an 
area, and in the sacral and coccygeal regions still more, 

3. The grey-rami of the thoracic and lumbar spinal 
nerves, supply the skin over, approximately, the third seg- 
ment below that to which the grey rami belong. 

4. In the region of the origin of the nerves to the fore- 
leg and to the hind-leg, there are one, two, or it may be 
three, nerves, the grey rami of which contain no pilo-motor 
fibres. 

5. The first effective ramus below the one, two, or three 
ineffective brachial rami, supplies a strip of skin, the anterior 
limit of which lies over the 3rd thoracic vertebra. 
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6. The first atlestive rawve below the one, two, or three 
ineffective lumbar rami, supplies a. strip of the skin im- 
mediately below the sacrum. | 


PosT-GANGLIONIC FIBRES IN THE WHITE RAMI. 


In some cases, fibres take this course from a ganglion; such fibres 
always supply the skin-area proper to the nerve from which the white 
ramus runs. When the white ramus runs downward to a ganglion, as 
occurs from the 1xth or xth thoracic to the tvth or vth lumbar nerves, 
the ganglion may supply pilo-motor fibres to two nerve areas, thus the 
4th lumbar ganglion sends fibres to the tvth lumbar nerve by its grey 
ramus, and may also send fibres to the t1ird lumbar nerve by the white 
ramus of this nerve. Thus the skin areas supplied by successive ganglia _ 
may overlap largely. But I have never found the number of fibres 
ascending in this manner in a white ramus to be great; the fibres in 
most cases supply a part only of the area proper to the post-ganglionic 
fibres of the nerve, the part may be a strip near the middle line, or near 
the lower border, or in irregular patches (ep. also p. 201). 


COURSE TAKEN BY PILO-MOTOR FIBRES ON THEIR WAY FROM THE 
GREY RAMI TO THE SKIN. AREAS OF GREY RAMI OF CERVICAL 
NERVES. . 


General. sketch of the éounections of the pilo-motor fibres 
of the grey rami with the dorsal cutaneous nerves. 


The grey rami can be traced anatomically into the corresponding 
spinal nerves. The pilo-motor fibres in the grey rami might run in 
their further course to the skin either with the cutaneous branches of 
the nerves or by some independent track. The course they take is 
easily determined. The hairs which can be erected by stimulation of 
sympathetic nerves occur only in a dorsal strip of the skin, so that if 
the pilo-motor nerves of the grey rami after joining the spinal nerves 
continue their course in the nerves we should find them in the dorsal 
cutaneous branches of the nerves. 

The dorsal cutaneous branches of the spinal nerves are very acces- 
sible; they are exposed on cutting through the skin in the mid-line of 
the task, and turning the cut edges outwards. 

When these branches are stimulated, a movement of hairs follows; 
after they have been severed, stimulation of the grey rami has no 
pilo-motor effect. 
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Since these branches are accompanied by blood vessels, I have in 
some cases separated the artery and vein from the nerve, and stimulated 


nerve and blood-vessels separately. No pilo-motor nerves were found 


accompanying the blood-vessels. 
Hence, the pilo-motor fibres of the grey rami run to the 
skin, in the dorsal cutaneous branches of the spinal nerves. 
The successive dorsal cutaneous nerves from the great occipital 
backwards, cause movement of hairs in areas which are in the main 
successive. 


In most of my experiments, the overlapping of successive areas was 


a half to one millimetre only. In some of these cases, I traced the 
nerves up to.the skin, and stimulated their branches separately ; each 
branch supplied a separate area. By taking the smallest branches (or 
by putting the electrodes on the lower surface of the skin), very small 
areas of hair movement were obtained. 

But this degree of separation of the areas supplied by successive 
dorsal cutaneous branches did not always occur. In some cases, the 
overlapping was about one-third of an area, so that in the area two- 
thirds of it was supplied by two nerves and one-third by only one nerve. 
This variation in the extent of overlapping is, then, like that which we 
have seen to occur with the grey rami. As with the grey rami, there 
was occasionally an overlapping in the areas of a group of cutaneous 
nerves, but none in the areas of the cutaneous nerves above and below 
the group. 

. Hence, then, successive Joraal cutaneous nerves supply areas 
of the skin which are in the main successive, the areas may 


just overlap, or they may overlap by as much as one-third of © 


an area, and possibly by more. 


_ Brief account of the dorsal cutaneous nerves in the cat. 


The distribution of the cutaneous nerves to the skin lying over and 
near the vertebral column is not quite the same in the cat and in man, 
although there is a close resemblance in the two cases. For this reason 
and because in determining the area of the skin supplied by the 


pilo-motor fibres of each spinal nerve in the cat, it is necessary to know 


the course taken by the cutaneous nerves to the region in question, I 
give a brief description of them. 

Plate IX. (cp. also p. 240) shows the superficial course of the nerves 
to the skin in a particular case; some of the variations which occur in 
different individuals will be mentioned in the following account. 
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Cervical nerves. The cutaneous nerves arise from the internal 
branches of the posterior primary divisions of the 1nd to the vith 
cervical nerves inclusive. They have a similar course to that of the 
corresponding nerves in man. In man, however, the vith is said, as a 
rule, to have no dorsal cutaneous nerve. Sometimes in the cat the vith 
nerve has a dorsal cutaneous filament, but the vith (so far as I have 
observed) never has. 

The tird and Ivth cutaneous nerves often divide before they become 
superficial, and it is rarely possible, without dissection, to assign all the 
superficial branches to their proper origin. | 


The posterior primary division of the 1md cervical nerve may send a 
filament to the corresponding division of the mird cervical nerve ; but it is 
possible that this filament runs to the muscles and not to the skin. 

The vith and (when present) the vith cutaneous nerves run downwards 
for some little distance close to the median line before becoming superficial 
(cp. Plate IX.) , 


Thoracic nerves. The cutaneous nerves to the mid-dorsal area arise 
from the external branches of the posterior primary divisions of the 
thoracic nerves. This differs from their origin in man, in so far as in 
man, the uppermost six or seven cutaneous nerves arise from the 
internal and not from the external branches. 

_ They all run under or through the longissimus dorsi; the first six 
or seven run dorsally in a curved course over the lateral surface of the 
longissimus dorsi ; this part of their course is readily seen by cutting 
through the trapezius and rhomboid muscles and turning them outward ; 
the first four or five become superficial close to the spines of the 
vertebrae. 

The lower cutaneous nerves run outwards as in man, nearly in a 
line with the angles of the ribs; each may divide into two portions, one 
supplying a median, the other a more lateral portion of skin. 

In some cases the Ist thoracic nerve sends no branch to the skin 
near the mid-dorsal line. : 


In one case the 1st thoracic branch entered the skin laterally of the 
branch from the 11nd nerve. 


Iumbar nerves. Cutaneous nerves arise from the external branches 
of the first four or five lumbar nerves. There are four or five according 
as the origin of the lumbar nerves is shifted up or down (cp. p. 210). 
They become superficial nearly in a line with the lower thoracic cuta- 
neous nerves, and like them divide into a medial and a lateral portion. 
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They may be distinguished by forming a kind of arcade on the inner 
surface of the fascia lumbo-dorsalis. ) 

I have not seen in any case a dorsal cutaneous branch arising from 
the vith lumbar nerve. The vith lumbar nerve sometimes has and 
sometimes has not a dorsal cutaneous branch; when it has it runs back- 
ward near to the vertebral spines and between the muscles, and usually 7 
joins the similar branch of the Ist sacral nerve. ’ 

Sacral and Coccygeal nerves. I have not paid much attention to : 
the course of the cutaneous branches of these nerves. The posterior 
primary divisions, in some cases at any rate, form a plexus which gives off 7 | 


filaments to the skin. Below these there are one or more branches 

which run from the anterior divisions of the nerves, apparently from 

the itird sacral and Ist coccygeal, become superficial in a line with the 
filament from the posterior divisions and supply the dorsal skin of the : 
tail at about the level of the anus. The rest of the skin of the tail is 

supplied by branches from the laterally placed coccygeal nerves. 


Anatomically I have not observed any overlapping in the cutaneous ‘ 
branches which run to the skin near the mid-dorsal line, but filaments =e 
proceeding from one nerve may sometimes be traced in the sub- 
cutaneous tissue, close to a filament proceeding from another nerve, and 
this suggests that the areas of the nerve-fibres from the two sources 
may overlap. © 


Occasionally I found no cutaneous branch from a given thoracic nerve, 
and the cutaneous branch of nerve above or below it was larger than usual ; 
apparently the cutaneous nerve-fibres ordinarily arising from two nerve-roots 
here arose from one only. | 


Areas of the grey rami of the several cervical nerves. 
It will have been gathered from what has gone before, that the 


pilo-motor area of the grey ramus to a given spinal nerve 
is the same as the pilo-motor area of the dorsal cutaneous 
branch of the nerve. 

Special experiments were of course made to test this; they are of 
so obvious a nature that they need not be described. 

I have said earlier in this Paper that a determination of the areas 
of the rami given off by the ganglion stellatum to the several cervical 


nerves, is scarcely practicable by the methods then given. The facts 
mentioned in this section show how these areas can be determined, 
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We have only to note the areas of the cervical cutaneous branches, and 
then to trace them to their origin. Unfortunately, there are generally 
one or two branches which cannot, without considerable care, be traced 
through the fascia in which they run. But proceeding in this way I 
find that the genéral arrangement is as follows: 

The grey ramus of the Imd cervical nerve supplies that part of 
the skin of the back of the head which I have spoken of as the 
occipital region. | 

The grey ramus of the Iird cervical nerve supplies the skin over 
the first three or four cervical vertebre. 


The grey ramus of the Ivth cervical nerve supplies the skin from 


the previous level down to about the end of the fifth or sixth cervical 
vertebra. 


The grey ramus of the vth pension nerve supplies the skin from the’ 


previous level down to some part of the first or second thoracic vertebra. . 


The grey ramus of the vith cervical nerve supplies the skin from 
the previous level to some part of the second or third thoracic vertebra. 


Some degree of variation I have found with all these nerves but. 


chiefly with the 11. Iv. and v. (Cp. Plate VIIL) 


I have dissected the course of the cervical nerves in some cases in : 


which their distribution was not determined by experiment. The 
results [ give in the following Table. The IInd cervical nerve, I omit, 
since it apparently gave no branches to the skin of the neck. By the 
heading ‘vertebre’ is meant the vertebre lying under the skin to 
which the nerve could be traced. The exact limits cannot of course be 
determined by dissection. | 


Vertebrex 
Nerve 1 2 
IV 8.4.4 0f5 4.5 23.4.5 
Vv 40f5.6.7.1 | 6.7.1 | 6.40f7 
2 2.8 4 of 7.1.4 2 
Vil 0 0 4 of 2.4 0f3 


It seemed possible that if the nerves were taken near their origin, 
some overlapping of their areas might be found. I tried one experiment 
from this point of view, taking the cervical nerves from the Id to 
the vith, dissecting them from the side and stimulating close to their 
exit from the ganglia. The areas found were successive, and did 
not overlap by more than half to three-quarters of a millimetre. 


The course taken by the pilo-motor fibres of the anterior strands of the 
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superior cervical ganglion on their way to the various parts of the skin of 
the head I have not determined, but, after removal of the brain, stimulation 
in the region of the vth cranial nerve causes erection of hairs in the face 
area and dorsally of the eye ; when the electrodes are placed peripherally of 
the Gasserian ganglion, a slightly different position is required to produce an 
effect in the face area and in the skin above the eye, for the latter the 
electrodes must be placed more anteriorly and nearer the middle line than 
for the former. 


POSITION OF THE SYMPATHETIC NERVE-CELLS CONNECTED WITH THE 
PILO-MOTOR FIBRES. 


This is determined by the nicotin method’. The principle of the 
method I give once more, since several recent writers appear to have 
grasped it imperfectly*. About ten milligrams of nicotin injected into 
a vein of a cat prevent for a time any passage of nerve-impulses 
through a sympathetic or homologous cell. The duration of the 
paralysis increases with the dose. Since nicotin does not prevent an 
impulse started peripherally of a nerve-cell from producing its usual 
effect, it follows that by stimulating a nerve in various points of its 
course, the place or places where it is connected with nerve-cells can be 
determined. | 

Nicotin annuls the pilo-motor effect of stimulating the 
roots of the spinal nerves (as it does all other visceral effects), 
but it does not annul the pilo-motor effect of stimulating 
the peripheral nerves. The pilo-motor nerves then (like all 
other visceral nerves) are connected at some point of their 
course with nerve-cells. 

The pilo-motor nerves in the various rami of the superior 
cervical ganglion are typically all connected with cells in this 
ganglion. I say, typically, because with the superior cervical as with 
all other sympathetic ganglia there may occasionally be a few cells, 
properly belonging to the ganglion which occur a little centrally—or 
possibly a little peripherally—of the ganglion. These may be spoken of 
as aberrant cells of the ganglion. The only indication I have found of 

1 Langley and Dickinson, Proc, Roy. Soc. Vol, xuvt. p. 423, 1889; Vol. xLWH. p. 
379, 1890. 

? Thus Krehl and Romberg (Arch. f. Experim. Path. 1892) neglect all the evidence 
afforded by the action of nicotin, and state that there is nothing to show that there are 
nerve-cells on the course of either the inhibitory or the acceleratory nerve-fibres to the 
heart. They adopt also, the easily disproved view, that the sympathetic nerve-cells are 
not in the course of efferent fibres at all. 
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such aberrant cells of the superior cervical ganglion of the cat is that in 
one or two instances after injection of fifteen milligrams of nicotin, 
stimulation of the sympathetic a little centrally of the ganglion 
caused a slight movement of a few hairs in the special face area, 
and a trifling movement of the nictitating membrane. In these 
cases, an accessory cervical ganglion was present, but I did not 
determine whether the aberrant cells were inthis ganglion or scattered 
in the course of the sympathetic nerve. 

In the few instances in which I have found an accessory cervical 
ganglion and experimented upon it, it was the nerve-cell station for the 
fibres issuing from its rami to run to the hairs of the occipital region 
and over the first three or four cervical vertebrae. In these experi- 
ments the sympathetic was cut above and below the accessory ganglion. 
The hairs in the region just mentioned moved on stimulating either 
the lower part of the sympathetic connected with the ganglion or the 
grey ramus running to the imd and ilrd cervical nerves. After 
injecting ten to fifteen milligrams of nicotin, erection of the hairs 
could only be obtained by stimulating the grey ramus. In about an 

hour the lower part of the sympathetic was again effective. 


In one experiment, erection of hairs in the same region was obtained 
by stimulating the part of sympathetic above the ganglion and this effect was 
for a time stopped by nicotin. This indicates that occasionally a few 
pilo-motor fibres may descend the sympathetic and be connected with the 
accessory ganglion, but no stress can be laid on a single experiment. 


The cervical rami of the ganglion stellatum, and the grey 
rami of the first three thoracic nerves are connected with 
nerve-cells in the ganglion stellatum. This is the case also with 
a variable portion of the pilo-motor fibres of the ramus of the Ivth 
thoracic nerve. When a 4th thoracic ganglion is present a portion of 
the fibres of the ramus arise from it. a 

From the 5th thoracic to the 6th lumbar grey ramus in- 
— clusive, all the fibres of the grey ramus are as a rule connected 

with nerve-cells in the corresponding ganglion. This is easily 
seen by stimulating the uncut sympathetic trunk after nicotin has been 
injected ; when the electrodes are placed on the sympathetic between 
two ganglia, no pilo-motor effect is as a rule produced ; but on shifting 
the electrodes to a ganglion or to its grey ramus, a small patch of hairs 
becomes erect. 

An exception to this occurs, not uncommonly, in the lumbar region, 
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in so far as a few fibres of a given ramus pass through the corresponding _ 
ganglion, and are connected with nerve-cells in the ganglion immedi- 
ately above. In such cases, stimulation of the sympathetic between 
two ganglia has a slight pilo-motor action which is unaffected by 
cutting the sympathetic close to the upper ganglion, but annulled by 
cutting it close to the lower ganglion. 

It seemed to me probable that in the mid-thoracic region, where 
many of the pre-ganglionic fibres are running upwards, some of the 
fibres of a grey ‘ramus should be connected with nerve-cells in the 
ganglion below the corresponding one, instead of above as is the case 
in the lumbar region. So far, however, I have not been able to satisfy 
myself that the grey rami of the thoracic region contain any efferent 
fibres which are not connected with cells in the corresponding ganglion. 

From the 7th lumbar ramus to the lst coccygeal there is more 
variation. There is also more variation in the position of the several 
. ganglia; the 7th lumbar ganglion may be connected by a strand of 
nerve-cells with the 1st sacral; the 2nd sacral may be more or 
less merged with the Ist sacral gacgtion the 3rd sacral may be more 
_ or less merged with the 2nd sacral or with the Ist coccygeal. 

In the more regular cases, each sacral ramus comes chiefly 
from its corresponding ganglion, with a few fibres from the one 
above, except that the 1st sacral ganglion commonly sends a ramus to 
the vith lumbar nerve, and the Ist coccygeal ganglion commonly sends 
some fibres to the ramus of the Mird sacral nerve. 


_ The chief irregularities I have found are that the lst sacral ganglion may 
send a few fibres both pilo-motor and secretory upwards to pass out in the 
ramus of the 7th lumbar ganglion, and that the Ist coccygeal may send 
fibres to the ramus of the 2nd sacral ganglion. In both cases it is difficult to 
be quite certain that the effect obtained is not due to a spreading out of the 
current, 


I have no satisfactory evidence that any fibres of the coccygeal rami 
are connected with nerve-cells in the sacral ganglia. After nicotin | 
poisoning, stimulation of the uncut sympathetic in the region of the 
3rd sacral ganglia causes no movement of hairs except in the basal 
portion of the tail, 2.¢. ee in the area of the 3rd sacral 
ramus. 


In one or two cases there was a movement of hairs a little below the 
ordinary limit of the 3rd sacral ramus, but unfortunately in these cases the 
distribution of the rami was not accurately determined. 
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A convincing form of experiment with regard to the connection of 
the nerve-cells of each ganglion with the fibres of its grey ramus 
is to apply nicotin to one ganglion only. Thus if 1 p.c. nicotin 
in sufficient but not too great amount, be applied to the Ist sacral 
ganglion, stimulation of the sympathetic trunk just above the 4th — 
sympathetic lumbar ganglion causes strong movement of hairs below as ° 
well as above the area of the Ist sacral ramus, but (often) none in the 
exclusive area of this ramus. 

When a ganglion sends fibres to a ramus other than its own, their 
effect is always less than that of the fibres proper to the ramus. And 
such fibres do not necessarily supply the whole area supplied by the 
ramus, or spread equally over the parts they do supply; they may 
cause a slight or moderate movement of hairs in an anterior or 
posterior strip, or in a median strip, or occasionally in patches of the 
area and cause little or no movement of hairs in the rest of the area. 
Furthermore such fibres may run out in the white as well as in the 
grey ramus of the neighbouring ganglion. 

In order to illustrate some of the variations which may be observed, 
I give in a diagrammatic form the results of one experiment on the 
3rd, 4th and 5th lumbar sympathetic ganglia (Fig. A). 


In this figure the three successive areas 3, 4, 5, enclosed in lines, 
represent the areas in which strong erection of hairs was obtained 
by stimulating the grey rami of the IIrd, Ivth and vth lumbar nerves 
respectively. The position of the vertebral spines underlying the 
areas is shown. The shaded parts of the areas indicate the parts 
_in which a movement of hairs was obtained by stimulating certain sets 
PH. XV, | 14 
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of fibres and the degree of movement is roughly represented by the 
degree of shading. In (a) is shown the area affected by the fibres 
arising from the cells of the 3rd lumbar ganglion which issued with the 
rami of the 4th lumbar ganglion; in this case all these fibres 
accompanied the grey ramus. In (6) is shown the area affected by 
the fibres arising from the 4th lumbar ganglion which issued with 
the rami of the 5th lumbar ganglion, in this case, a few fibres 
accompanied the white ramus running to the 5th lumbar ganglion 
from the Ivth spinal nerve. In (c) is shown the areas supplied by the 
post-ganglionic fibres in the third and fourth white rami. In the third 
white ramus all these fibres arise from netve-cells in the 4th lumbar 
ganglion ; in the fourth white ramus, most of these fibres arise from 
the cells of the 5th lumbar ganglion, but some arise from the cells of 
the ganglion above this. | 

In (d) is represented diagrammatically the connections of the fibres 


of the rami of the 4th and 5th lumbar ganglia as they were in this 


experiment. | 

The general arrangement of the pilo-motor nerves with 
nerve-cells is then :— 

that, as a rule, the fibres which issue by the rami of 
a ganglion are connected with nerve-cells in that ganglion. 
that, in some cases, a minority of the fibres which issue 
by the rami of a ganglion are connected with nerve-cells 
in the immediately adjoining ganglion, the immediately 
adjoining ganglion being usually that one of the two which 
is nearer the origin of the pilo-motor fibres from the spinal 
cord. 

This arrangement is practically the same as that which I have given 
earlier! for the secretory and vaso-motor nerves for the fore and hind 
feet ; and there can be little doubt that it is the typical arrangement 
of all sympathetic fibres. 


DETERMINATION BY THE METHOD OF STRONG STIMULATION OF THE 
AREAS OF DISTRIBUTION OF THE POST-GANGLIONIC PILO-MOTOR 
FIBRES OF EACH SPINAL NERVE. : 


The area of distribution of the pilo-motor fibres received by a spinal — 
nerve from the sympathetic can be determined at the same time as the 


1 This Journal, Vol. x1. p. 861, and p. 875, 1891. 
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area of distribution of the pilo-motor fibres given by it to the sym- 
pathetic is determined (cp. p. 219). 

When, for example, the xith thoracic anterior nerve-roots after 
ligature and section are stimulated in the spinal canal with weak 
shocks, a longish strip of hairs in the lumbar region will be erected, the 
maximum movement of the hairs being near the middle of the strip. 
This marks the area of distribution of the pilo-motor fibres given by 
the x1th thoracic nerve to the sympathetic. If, then, the strength of 
the shocks be increased, to a certain point, the hairs in the long strip 
will of course be erected as before, but in addition there will be 
energetic erection of hairs in a short strip a little distance above the 
long strip, and separated from it by a quiescent region. 

This short strip is the same as that affected by stimulating the grey 
ramus, or the dorsal cutaneous branch, of the xith thoracic nerve. It 
marks the area of distribution of the pilo-motor fibres received by the 
spinal nerve from the sympathetic. 

The strength of the shocks required to cause a movement of hairs 
in the short strip varies somewhat with different nerves, but is always 
greater as the electrodes are shifted on the nerve roots away from the 
posterior root ganglion ; so that when a nerve has long nerve roots, as 
the Ist and Ind sacral, very strong stimulation of the roots remote from 
the ganglion may be ineffective. 

When the spinal nerve is stimulated outside the dura mater, a weak. 
current (shocks barely felt on the tip of the tongue) is usually sufficient 
to cause an erection of hairs in the short strip, provided the stimulus is 
applied past the posterior root ganglion. The difference in the effect of 
stimulating on the two sides of the ganglion is perhaps most easily 
observed with the sacral nerves. 

In some cases, the short strip lies in the long strip; in such cases, 
increasing the strength of the stimulus, or shifting the electrodes past 
the spinal ganglion, causes a greater increase of movement in the region 
of the short strip than elsewhere; and on repeated strong stimulation, 
the movement becomes weak except in the short strip. 

Nicotin abolishes the effect of a spinal nerve upon the long strip, 
but does not diminish its effect upon the short strip. - 

Above the mird or Ivth thoracic nerve, and below the mird or Ivth 
lumbar nerve, the spinal nerves do not innervate a long strip; they - 
send no pilo-motor fibres to the sympathetic. We have seen above 
that most of them nevertheless receive pilo-motor fibres from the 
sympathetic; and in accordance with this we find that strong stimula- 
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tion of one of these spinal nerves or stimulation of it close to its exit 
from the spinal canal in most cases causes erection of hairs in a short 
The facts already mentioned show that the erection of hairs in the 
short strip cannot be due to pilo-motor fibres leaving the cord. by the 
nerve-roots of the stimulated nerve. And further aienpe of this is as 
follows :-— 

Stimulation of the lower end of the cut spinal cord in the dorsal 
region fairly readily causes erection of hairs in the tail and in more or > 
less of the lower part of the back; but if the nerves above the vth 
lumbar are cut, stimulation of the cord in the dorsal region has no 
pilo-motor effect. 

It might also be supposed that the movement of hairs in statin 
is brought about by sympathetic fibres running to the posterior root 
ganglion to be connected with cells there. This although not an 
impossible, seemed to me an unlikely hypothesis. It can be tested by 
cutting a spinal nerve just peripherally of its posterior root ganglion, 
and then stimulating the sympathetic or the spinal nerves which send 
fibres to the area of the grey ramus of the cut nerve. Thus in my first 
experiment on this matter the spinal nerves from the x1ith thoracic to 
the Ivth lumbar were tied and cut just outside the dura mater; the 
short strip of the Ivth lumbar was marked out, and it was noticed that 
the long strips of the upper four nerves included the short strip of the 
_ Ivth lumbar nerve. The tvth lumbar nerve was then cut just peripherally 

of its ganglion. Somewhat to my surprise, I found that the hairs in 
the region of the short strip of the rvth lumbar nerve were no longer 
affected by stimulation of any one of the four upper nerves. 

At first sight the experiment seemed to show that the sympathetic 
fibres did in fact go out of their way to be connected with the posterior 
ganglion. Further experiments however disproved this, for the effect 
observed in the experiment just mentioned does not occur with the 
sacral or coceygeal nerves in which the posterior root ganglion i is situated 
farther from the intervertebral foramen. 

Another possible hypothesis is that the movement of hairs in the 
short strip is due to a reflex action from the sympathetic ganglia. 
Sokownin, H. Nussbaum and Navrocki have shown that stimulation 
of the central end of one hypogastric nerve, after cutting the connections 
of the inferior mesenteric ganglion with the spinal cord, causes contrac- 
tion of the bladder. This contraction they attribute to a reflex action 
in the ganglion. Since the grey ramus of a sympathetic ganglion runs 
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in part centrally, it is conceivable that stimulation of these centrally 
running fibres should cause a reflex effect in the sympathetic ganglion ; 
if this were the case the reflex effect might be expected to be shown in 
the peripheral distribution of the rest of the grey ramus, 7.¢, approxi- 
mately in the short strip affected by stimulating the spinal nerve. 
That the hypothesis is improbable may be concluded from the observa- 
tion made by Anderson and myself that the hypogastric reflex (sit 
venia verbo) is largely diminished or in some cases annulled by nicotin ; 
and that it is untenable is easily shown by stimulating a spinal nerve, 


after extirpation of its sympathetic ganglion: the effect of the spinal 


nerve on the short strip is unimpaired. 

The only other possible view seems to me to be that the posterior 
primary division of the spinal nerve is directly stimulated, and in 
consequence the pilo-motor fibres which it contains and which run to it 
from the sympathetic are also stimulated. 

The posterior primary division, as we know, comes off from the 
spinal nerve in most cases close to the spinal ganglion. Hence in most 
cases when the nerve is cut a little past the ganglion, the sympathetic 
fibres on their way to the hairs are cut; and, naturally, stimulation of 
the fibres centrally of the cut has no effect. The posterior primary 
division of the sacral nerves arises more peripherally and, in consequence, 


section of these nerves just past their ganglia has no influence on the 


sympathetic pilo-motor action. 

Hence, by stimulating a spinal nerve close to its exit from 
the spinal canal the area of distribution of the sympathetic. 
fibres received by the posterior primary division of the 
nerve can be determined, or in other words the area of 
distribution of the post-ganglionic fibres of the posterior 
primary division, or again the area of distribution of the 
grey ramus 3o far as it runs to the posterior primary division 
of the nerve, can in this way be determined. 

We have seen above that we may obtain a movement of hairs in the 
‘short strip, by stimulating with a strong current centrally of the spinal 


_ ganglion, or by stimulating with a moderate current peripherally of the 


ganglion. It not infrequently happens that in either case, a strong 
movement of hairs; or even'a more extensive movement is obtained by 
shifting the electrodes more peripherally. Consequently in determining 
the ‘short strip’ I use a strong current’ and also stimulate the nerve 


1 By a strong current I mean, secondary coil at 5 or 6¢.m., with s battery which gives 
shocks just felt on the tongue with secondary coil about 12 c.m. | 
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peripherally of its ganglion. This method of determining the area of 
distribution of the dorsally running fibres of a grey ramus I shall speak 
of as the method of strong stimulation of the spinal nerves inside the 
spinal canal, or more briefly as the method of strong stimulation. 

I have not found that the sympathetic post-ganglionic fibres of the anterior 
primary divisions of the nerves can be conveniently stimulated from the spinal 
canal ; but it seems to me possible that the vascular dilation which Stricker, 
Girtner, and Morat obtain in the foot of the dog, as the result of stimula- — 
ting under special conditions the nerve-roots running to the sciatic, may be 
due to a direct stimulation of post-ganglionic sympathetic fibres in the anterior 
divisions of the nerves, 

This method of determining the area of distribution of the grey 
ramus is for most nerves, on account of the position of the animal, much 
less troublesome than those I have given above. It is most satisfactory, 
when nicotin has been given, so as to eliminate the action of the 
pre-ganglionic nerve-fibres. 

But the method is not easy with the cervical and upper thoracic 
- nerves, since here the nerves to the skin issue from the dorsal muscles 
close to the middle line, and they are apt to be injured in exposing the 
spinal cord. In consequence, with these nerves I have only tried to 
show that the effect is the same as with the lower nerves. I selected 
the 1rd cervical nerve. Stimulation of this near its exit caused 
movement of hairs over the first three cervical vertebre. 

With the lower thoracic, the lumbar and the sacral nerves I have 
made a considerable number of experiments, the results of some of 
which are given on Plate VIII. 

The degree of overlapping of successive areas varies in different 
experiments and in different regions of the skin, as it does on stimula- 
tion of the dorsal cutaneous branches or on stimulation of the grey 
rami. The overlapping may be barely perceptible or it may be about 
one-third of an area, and in the sacral region still greater. In one case, 
an overlapping of half an area was found in the lumbar region (cp. 
Plate VIII. No. 48); here the x1mth thoracic ramus had no exclusive 


area. 


_ Areas of the grey rami of the coccygeal nerves. 
We have seen that the coccygeal ganglion of the sympathetic sup- 
plies pilo-motor fibres to the whole or nearly the whole of the tail. It 
is hardly practicable to determine the areas of the rami received by 
the several coccygeal nerves, by stimulating these rami separately. 
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But re can be determined by stimulating the coccygeal nerves in the 
spinal canal. It is true that I have only determined in this way the 
areas of the upper three coccygeal nerves; but the distribution of the 
rest can be deduced from these with a fair depres of certainty. 

In the cauda equina at the lower end of the sacrum, there are five 
or six coccygeal nerves; their ganglia lie in the spinal canal not far 
distant from one another; and the lower the nerve, the longer the 
distance between the ganglion and the exit of the nerve from the canal. 


In correspondence with this we find that whilst stimulation of the Ist 
—coccygeal nerve a little past its ganglion may cause a movement of 


hairs on the tail, a similar stimulation of the 11rd coccygeal has usually 
no effect, though the stimulus becomes effective when it is applied to 
the nerve near its point of exit. Indeed in all cases it is advisable to 
stimulate the nerve as near as possible to the intervertebral foramen. 

The coccygeal post-ganglionic fibres supply areas which are in the 
main successive, but the extent of overlapping is more constant and 
usually greater than is the case with the other nerves. Each nerve 
innervates by its post-ganglionic fibres about the same length of the 
tail, and overlaps about a half of the area above and below, so that as 
a rule each part of the tail is supplied from two nerves. The supply is 
unilateral save for the customary ‘cross-lap’ and occurs in the ventral 
as well as on the dorsal aspect of the tail. | 


OVERLAPPING OF THE AREAS SUPPLIED BY SEPARATE GREY RAMI. 
We have determined the areas of the pilo-motor fibres in the several 


grey rami in one or more of three ways, (1) by stimulating the grey 


rami, (2) by stimulating the dorsal cutaneous nerves, (3) by stimulating 
the posterior primary divisions of the spinal nerves. 
Putting aside the sacral and coccygeal nerves, these methods have 


| given, within certain limits, the same results, viz. that any two succes- 


sive areas may overlap to an extent which varies from half-a-millimetre 
up to one-third of an area. 

Now the overlapping which occurs when method (2) is used can 
only be due to the nerve-fibres of two successive branches spreading out 
in the skin so that they supply in part the same area. We may then 
attribute the variations in the extent of overlapping, which have just 
been mentioned to variations in the extent to which the nerve-fibres 
spread out in the skin itself. 

In one case only in the cervical thoracic and siete regions together, 
was the overlapping distinctly greater than one-third of an area. In 


* 
we 
> 
“24 
} 
4 
x 
{ 
ie 
4 
} 
q 
4 
3 
4, 
7 
Ry, 
> 


08 LANGLEY. 


this case, already mentioned, the posterior primary division of the x1Ith 
thoracic nerve was found to have no exclusive area. It is probable that 
this also was due to a spreading out of nerve-fibres in the skin. 

The areas of the sacral nerves we have found to overlap much more 
frequently and to a greater extent than the areas of the nerves above 
them. The area of the 1st coccygeal ramus usually included more or 
less of the area of the 3rd sacral ramus, and in the few experiments 
made upon the coccygeal nerves, each area included about half of the 
preceding one. 

It is tempting to suppose that the greater overlapping in these 
areas might be connected with the formation of a plexus in the dorsal 
cutaneous branches. There can be little doubt that the overlapping of 
the sweat-fibres' of the grey rami of the vith lumbar to the tnd sacral 
nerves is connected with the formation of a plexus by these nerves. 

I have however paid very little attention to this point. In one or 
two dissections of the sacral nerves I did not find any filament passing 
from one posterior division to another; and it has already been noticed 
that in some cases there is no overlapping of the sacral areas. 

Whilst dealing with this question, it is advisable to mention another 
cause of overlapping of areas, which is more apparent than real, viz. 
that a dorsal cutaneous branch, arising from a single spinal nerve, may 
receive fibres from two or more grey rami. 

In such a case one area is supplied with fibres by two rami. The 
areas coincide rather than overlap. An overlapping of areas is of course 
obtained when more than one ramus is stimulated. Thus we have seen 
that stimulation of the cervical rami of the superior cervical ganglion 
causes movement of hairs in the occipital region and over the first: 3 or 
4 cervical vertebra ; and that stimulation of the cervical rami of the 
ganglion stellatum causes movement of hairs over all the cervical and 
‘one or two of the thoracic vertebre. Here the areas overlap in the 
upper part of the neck. This is simply due to the turd cervical nerve 
receiving fibres from both the superior cervical ganglion and the 

ganglion stellatum. 
| There are several similar cases; the lind cervical nerve may receive 
fibres from the upper and lower ramus of the superior cervical ganglion, 
and from the accessory cervical ganglion. The vith lumbar nerve 
usually receives a grey ramus from the Ist sacral ganglion as well as 
from its own ganglion, And many nerves receive two grey rami instead 
of one from their own ganglion. 


1 This Journal, xu. p. 847, 1891. 
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REMARKS ON THE COMPARATIVE CONSTANCY IN POSITION OF THE LINE 
BETWEEN THE AREAS SUPPLIED BY THE RAMI IMMEDIATELY ABOVE 
AND BELOW THE INEFFECTIVE RAMI. 


It has been said earlier that the lowest.ramus of the cervical nerves, 
whether this be the 6th or 7th, and the highest ramus of the thoracic 
nerves, whether this be the Ist or 2nd, supply areas which meet at 
(approximately) the lower end of the 2nd thoracic vertebra. — 

And similarly that the lowest ramus above: the ineffective lumbar 
ramus or rami (4th, 5th or 6th lumbar) and the highest ramus below 
the ineffective lumbar ramus or rami (7th lumbar or Ist sacral) supply 
areas which meet at (approximately) the lower end of the sacrum. 

The relation which seems to me-to hold between the ineffective — 
rami and the spinal nerves I have given in my preliminary communica- 
tion’, and it is unnecessary to repeat it here. Here I wish only to make 
clear the evidence on which the statement is based regarding the fixity 
of position of the junction of the areas above and below the ineffective 
rami. 

This will perhaps be best done by referring to the Figures on Plate 
VIIL at the end of this Paper. The dividing line* between the areas in 
question (marked with an arrow) is clearly more constant in — 
than that between any other two areas. 

But I am bound to mention that I find recorded in my notes some 
exceptions which are not given in the Plate; these exceptions make a 
whole series of areas about a centimetre higher or lower than in the 
cases figured. These I have omitted because, being made with some 
object in view other than the relation of the areas, the statements noted 
down about the areas could not be trusted. 

Further, the area of the 6th thoracic ramus was once found (apparently) 


to lie laterally instead of below the 5th, and somewhat similar though less 
variations were found with the 3rd, 4th and 5th rami in other cases. 


CORRESPONDENCE BETWEEN VARIATIONS IN THE LUMBO-SACRAL PLEXUS, 
AND VARIATIONS IN THE PILO-MOTOR FIBRES OF THE LUMBAR RAMI. 


The chief variations in the lumbo-sacral plexus of the cat I have 
described and figured in a former — I divided the varieties into 


Proc, Roy. Soc, Vol. 111. p. 554, 1893. 
2 ‘Line’ is used for convenience only, a certain amount of overlapping may occur with 
these as with the other areas. 
3 This Journal, Vol. xu. p. 850, 1891. 
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three classes, the origin of the fibres being more anterior in Class II. 
than in Class I., and in Class ITI. than in Class II. I pointed out also 
that the variation in origin did not affect all the nerves equally, so that 


one nerve arising from the plexus might belong to Class III. and 


another nerve arising from the plexus belong to Class II. ) 

It will be convenient to call Class I., II. and IIT. respectively the 
posterior, median, and anterior arrangement. 

Sherrington!’ divides the varieties into two classes only, a pre-fixed 
a post-fixed. 

Since my first account, I have naturally met with some other 
variations, the three chief of which are reproduced in Figs. 6, 7, 8, 
Plate VI. Both Figs. 6 and 7 belong to the posterior type; in both 
there is a small filament from the vith lumbar nerve to the obturator, 
which in the earlier cases I had not found. This filament has been 
noticed by Sherrington. In Fig. 7 nearly all the origins of the nerves 


_are more posterior than in any other case I have met with. In Fig. 8, 
on the other hand, is represented the most anterior form of plexus I 


have met with; here however there is an extra lumbar nerve. 

I give below a Table showing which lumbar grey rami contained no 
pilo-motor fibres in my experiments ; I give also, when it was noted, the 
arrangement of the lumbo-sacral plexus. - 


Tasie oF Inerrective Lumpar Rami. 


In this Table, 0, in the columns of the lumbar grey rami, indicates that 
the grey ramus in question contained no p‘lo-motor fibres. 

The number, when placed in the columns, indicates that the ramus in 
question did contain pilo-motor fibres. 

— indicates that the ramus in question was not tried for pilo-motor fibres, 

a, or b, or c is placed after the experiment to show the method by which 
the presence or absence of pilo-motor fibres was determined, (a) means by one 
of methods given on p. 184, (6) means by. stimulating the dorsal cutaneous 


‘branch of the nerve, cp. p. 194, and (c) by the method of strong stimulation, 


cp. p. 202. 
The experiments quoted in this and in other Tables, and in Plate VIIL, 


are numbered (reference number), so that the experiments utilized in more 
than one place may be recognized. 


! This Journal, Vol. xm. p, 621, 1892. 
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19 0 0 7 a Anterior 
0 0 7 Anterior to median 
89 0 - - Cc Anterior 
a Anterior 
26 a Median to anterior 
7 a Median to anterior 
50 § 0 - a Median to anterior | 
. ee a Median Action of 7 weak only 
48 aoe hae c Median to posterior 7 has trace of action only 
34 0 0 0 c Median, or trifle above 
a Posterior to median 
14 5 0 0 a Posterior to median 
42 56 0 0 Cc Posterior 
48 5 0 0 Cc Posterior 
25 5 O Cc Posterior extreme 
23 a Posterior extreme 
87 ? Anterior to median have no effect on the 
15 ? Posterior 6. ganglion has white ramus 
44 a ? Posterior ganglion has white ramus 
16 a 
ae 56 6 0 a 6 causes movement in narrow 
: strip lower part of 5th area. 


It will be seen from the Table just given, that there is a corre- 
spondence between the arrangement of the lumbo-sacral plexus and the 
arrangement of the pilo-motor fibres in the grey rami. The degree of 
correspondence is the more remarkable since the lumbo-sacral plexus 
comes from the anterior primary divisions of the nerves, and the pilo- 
motor fibres run in the posterior primary divisions. 

Thus, with the anterior arrangement of the lumbo-sacral 
plexus the 5th and 6th grey rami contain no pilo-motor 
fibres; with the posterior arrangement of the plexus the 6th 
and 7th grey rami contain no pilo-motor fibres; and with 
the median arrangement of the plexus the 6th grey ramus 
contains no pilo-motor fibres and occasionally the 5th and 
7th also. In other words, the ineffective rami shift up or down 
according as the origins of the nerves shift up or down. 
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In a certain number of these cases I have dissecied the dorsal 
cutaneous branches of the lower lumbar nerves, and have found in all 
these that when the grey ramus of a nerve has no pilo-motor effect, the 
nerve sends no branch to the skin dorsally of the vertebral column. 

_ A similar relationship to that just shown for the grey rami and the 
nerves for the hind-leg, without doubt holds also for the grey rami and — 
the nerves for the fore-leg. My experiments in this region are much 
fewer, but we may believe that an anterior arrangement of the brachial 
plexus corresponds to an absence from the viith and vuith cervical 
nerves of cutaneous branches to the mid-dorsal line, and of pilo-motor 
fibres from their rami; that a posterior arrangement of the brachial 
plexus corresponds to an absence for the vilith cervical and Ist thoracic 
of cutaneous branches to the mid-dorsal line and of pilo-motor fibres 
from their rami, and that a median arrangement of the brachial plexus 
corresponds to an absence from the vilith cervical, and possibly at 
times from the vith cervical and Ist thoracic also, of a cutaneous 
branch to the mid-dorsal line and of pilo-motor fibres from their rami. 
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ORIGIN FROM THE SPINAL CORD OF PILO-MOTOR FIBRES IN EACH 
GREY RAMUS. DISTRIBUTION OF THE PILO-MOTOR FIBRES ISSUING 
FROM THE CORD WITH EACH SPINAL NERVE. DETERMINATION 
OF THE SYMPATHETIC GANGLIA WITH WHICH EACH SPINAL NERVE 
IS CONNECTED. 


The three points mentioned in this heading are deiuals closely 
connected with one another; and most of the facts obtained in deter- 
mining one point, aid in determining the others. 

In dealing with these points we might take each spinal . nerve in 
succession and determine its peripheral distribution and the ganglia and 
rami with which it is connected; but it will be more convenient to 
group the facts under certain headings, even thongs this leads to a 
certain amount of repetition. 


Connections of the superior cervical ganglion. 


We have already seen that the pilo-motor fibres issuing from the 
superior cervical ganglion are connected with nerve-cells in it; that the 
cranial rami contain fibres for the face and head except the occipital 
region, whilst the cervical rami contain fibres for the occipital region 
and for the neck down to about the 4th cervical vertebra. Hence any 
spinal nerve which affects these regions and ceases to do so on section 


4 
q 
‘ 
‘ 
| 
‘ 
AY 


SYMPATHETIC SYSTEM. 213 


of the cervical sympathetic nerve contains fibres which join cells in the 
superior cervical ganglion and course outwards in its rami. 

The nerves which do this are, as I have stated in my previous paper 
(op. cit.), the Ivth to the viith thoracic and on rare occasions the Iird 
thoracic also, I have only twice noticed an effect with the trd thoracic 
nerve; in one of these cases it was but slight, in the other the effect 
was barely perceptible and was confined to the face area. 

It is curious that in the cat, the Ist and Ind thoracic nerves never, 
and the rd thoracic nerve so rarely, contain pilo-motor fibres, notwith- 
standing that most of the sympathetic fibres of these nerves are 
connected with cells in the superior cervical ganglion’. In the ape, 
according to Sherrington, the pilo-motor fibres for the head, arise, 
from the 11nd to the vith thoracic nerves inclusive; i.e. they have a 
slightly higher origin in the ape than in the cat. 

The pilo-motor fibres for the cranial rami have generally a slightly 
higher origin from the cord than the pilo-motor fibres of the cervical 
rami. The following Table of the results of an experiment will serve to _ 
show the extent of the difference. 


Hairs in face area Mapper cervical vertebra. 
III 0 0 
IV slight to moderate slight 
¥ good moderate 
VI moderate to good good 
Vil. slight slight 
VIII 0 0 


_ The effects given here are not always obtained, partly because 
apparently there are some variations in the number of pilo-motor fibres . 
in the different nerves, and partly because the hairs of one or other area 
are sometimes comparatively little affected by any spinal nerve, In 
such cases the Ivth or the vith thoracic nerve or both may be without 
effect on one or on both regions, 

The ‘accessory’ cervical ganglion is only an isolated part of the 
superior cervical ganglion. I have not noted separately the origin of its 
pilo-motor fibres from the spinal cord. We may judge from analogy 
that the accessory ganglion receives relatively fewer fibres from the Ivth 


1 A possible explanation of this I shall discuss in a later Paper. 
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thoracic, and more fibres from the vith thoracic nerve than the superior 
cervical ganglion. 


Connections of the ganglion stellatum. 


This ganglion is the nerve-cell station for pilo-motor fibres for— 
broadly speaking—the skin over the cervical and first five to seven 
thoracic vertebra. The spinal nerves, stimulation of which (after section — 
_ of the cervical sympathetic) causes erection of hairs in this — are 
_ the vth to the vith thoracic inclusive. 

The vth thoracic is the first nerve which sends pilo-motor fibres out 
by the rami of the ganglion stellatum, but it does not always do so. 

_ The vith thoracic has always some such fibres, and it is generally 
the nerve of maximum effect, especially in the patch on the shoulder 
usually supplied by the grey ramus of the vith cervical nerve. s 

The vith thoracic has an effect less strong than that of the vith 
but usually stronger than that of the vth thoracic. 

The vuith nerve has a distinct, though slight effect, With the 
1xth nerve I have not observed any sign of action upon the hairs in the 
region of the cervical rami of the ganglion stellatum, but it is possible 
that the 1xth nerve may send some fibres to issue by the thoracic rami 
of the ganglion in cases of an anterior arrangement of the nerves. 


Connections of the ganglia of the sympathetic chain 
below the ganglion stellatum. 


The area of skin innervated by these ganglia stretches from the 6th, 
7th or 8th thoracic vertebra to the end of the tail. The spinal nerves 
which supply pilo-motor fibres to this region are the vith thoracic to 
the mird or Ivth lumbar inclusive. 

In my earlier experiments I had no case in which the rvth lumbar 
contained pilo-motor fibres, since that time I have had seven. In six 
at least of these cases there was an anatomical peculiarity which did 
not exist in any of the cats I had previously dissected. This consisted 
in the vith lumbar nerve sending a small filament to the obturator ; 
an extreme form of my Class I. (posterior type of arrangement) of the 
lumbo-sacral plexus (cp. above, p. 210). Probably then, the 1vth 
lumbar nerve only contains pilo-motor fibres in those cats in 
which the lumbo-sacral plexus is of the posterior type’. 


1 I have found, similarly, that with the posterior arrangement of the lumbo-sacral 
plexus, the rvth lumbar nerve may contain secretory and vaso-motor fibres for the foot, 
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_ Since we know already the areas of the skin which are ordinarily 
supplied by the several grey rami, and the degree of variation of these 
areas, a knowledge of the areas of the skin which are affected by 
stimulating each spinal nerve will give us a general knowledge of the 
number of grey rami with which each spinal nerve is connected, and 
hence also a general knowledge of the het with which each spinal 
nerve is connected. 

The areas of the skin which in the ssbtcity of cases I have found 
innervated by the several spinal nerves are as follows:—The turd 
lumbar is usually the last nerve to contain pilo-motor fibres, it supplies 
the hairs of the tail from ‘the tip to a little above the anus; the rnd 
lumbar supplies the hairs of about $rds of the tail and upwards to about 
the anterior level of the sacrum ; the Ist lumbar supplies the hairs from 
the root of the tail (about level of the anus) upwards to the 5th or 6th 
lumbar vertebra. 

The thoracic nerves from the xiith to the rxth inclusive innervate 
an overlapping series of strips of the skin of the back; each nerve 
innervating a strip which stretches more anteriorly and less posteriorly 
_ by two to four centimetres than that of the nerve below it; the upper 
end of the strip innervated by the rxth thoracic nerve is usually at 
about the level of the 9th thoracic vertebra, though it may stretch 
considerably higher. 

The vittth thoracic nerve innervates a strip, the posterior end of - 
which is about four centimetres above the posterior end of the 1xth 
strip, and the anterior end of which stretches up to or nearly up to the 
skull. 

Above the vuith nerve we come to nerves, already considered, 
supplying the skin area of the ganglion stellatum and of the superior 
cervical ganglion. 

In nearly all cases the maximum effect on the strip is near its mid- 
region ; a minimal current applied to the nerve affects the hairs in this 
region only; as the current is increased in strength, successive regions 
above and below it are brought into play. In some cases, the move- 
ment of hairs is first seen in the region of maximal effect, and spreads 
from it in a peristaltic fashion over the rest of the strip. A progressive 
movement of this kind is often seen on the tail when the mrd lumbar 
nerve is stimulated. 

The variations in distribution which occur will be given in detail 
later, but we may here select one or two points for notice. If we 
regard simply the length of the strip of skin which is innervated, we 
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find that the lumbar nerves show the greatest variation. The 1md 
lumbar strip may end just below the root of the tail or include the 
whole of it, 

The tvth lumbar nerve in the cases in which it has pilo-motor fibres 
may innervate the whole of the tail or the posterior rds only. | 

Sometimes the overlapping of the strips of the lower thoracic nerves 
is more than normal, thus the xIth and x1th thoracic, the x1Ith and 
xilith thoracic, or the xith thoracic and Ist lumbar nerves may 
innervate nearly the same strips; although the maximum effect pro- 
duced is lower with the lower nerve. In the one or two cases in which 
I have found an extra thoracic or lumbar nerve, there was a similar 
decrease in the difference between the extent of the areas at the 
junction of the thoracic and lumbar region. 

Naturally too, when the pilo-motor nerves have less effect than 
normal, the overlapping of the successive strips is much diminished. 


‘The ausudaauea distribution of the pilo-motor fibres of 
the spinal nerve roots. 


The facts given in the following Tables, taken together with those 

given earlier, show approximately the connection of each spinal nerve 

with the various sympathetic ganglia and also some of the _— varia- 
tions which occur. 


In these experiments the ewact relations of the 1 areas to the waideiviig 


parts were not noted. 


— indicates that the nerve was not stimulated. 

The areas in the thoracic region (except the upper part) and the lumbar 
and sacral region are 8 to 12c.m. long; with two successive nerves, the area 
of the lower stretches a little less anteriorly and a little more posteriorly than 
that of the upper one. This must be understood in the following tables. 


VIth Cervical to Xth Thoracic Nerves. 


Several of the nerves from the vith cervical to the 11d thoracic inclusive 
were stimulated in nearly all of the experiments, but as none of them produced 
any effect on the hairs they are omitted. ‘Neck’ in the Table is used for 
the hairs in the upper part of the neck, +e. over the first 3 to 5 cervical 


 vertebree. 
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aeeeee | No. 1 No, 2 No. 8 No, 4 No. 5 
Iil 0 0 0 0 0 
face and | Slight, face and | Slight, face and neck | Trace, face; ? trace, neck 
nec 
V 0 | Moderate, face | Moderate, face| Good, face; mode-| Moderate, face and neck 
and neck and neck rate, neck 
Slight, lower neck 
7 and upper thorax (1) 
VI — — Good, face and | Moderate, face ;| Moderate, face, neck, 
neck good, neck | lower neck and to about 
Moderate,lowerneck} 5th th. vert. 
and upper thorax (1) 
VII —, Moderate, face, neck, 
| lower neck and to about 
7th th. vert. 
VIII 20, face and neck 
On thorax, below vit 
Remarks Lower neck and | Lower neck &| (1) To rvth vertebra | Relative ease of move- 
thorax not ob- | thorax not ob-| — ment not noticed 
served served vil, x and x form an 
overlapping series 
No. 6 No, 10 No. 11° No. 45 
It 0. Slight, face’ 0 ? slight face 
IV ? slight, face; ?0 neck Moderate, face | Good, face and neck | Good,face; slight 
and neck neck 
Vv Slight, face; moderate, | Good, face and | Good, face and neck | Good, face; mo- 
neck | neck derate, neck 
VI Slight, face; moderate, | Good, face and | Good, face and neck | Moderate, face 
neck neck, < Vv : and neck 
Moderate, lower neck and Moderate, lower 
: upper thorax fet neck and thorax 
Vil Slight, face and neck Moderate, face | Trace, face; slight, | ? trace, face; 
Slight, lower neck and | and neck neck slight, neck — 
‘ upper thorax | Slight, lower neck | Moderate, lower 
and upper thorax | neck & thorax 
VIII | Lower neck to about 12th — Slight, upper thorax a 
' th. vert. Moderate, mid-thorax 
Remarks | 1x gives area about 5th | Lower neck and Ix gives area on tho- 
th. vert. to 2nd lumbar; thorax not rax, stretching about 
maximum about 10th noticed an inch below that 
to 13th th. vert. of viit 
| Nerves stimulated from x gives area stretch- 
below upwards ing slightly below rx 
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More accurate determination of the connections of the 
spinal pilo-motor fibres. 


The method of determining exactly the grey rami by which the pilo- 
motor fibres of each spinal nerve issue can be described briefly. First, 
the region of the skin supplied by each of a certain number of spinal 
nerves is carefully marked, and then the area of each of the grey rami 
which run to this region is similarly marked. | 

When all the fibres of the grey rami arise from nerve-cells in the 
corresponding ganglion, such an experiment gives also the ganglia with 
which each spinal nerve is connected. 

When a ganglion gives some fibres to a ramus other than its own, 
such an experiment may leave some doubt as to the uppermost and 
lowermost ganglia with which any given spinal nerve is connected. _ 

The areas of the grey rami were sometimes determined by stimula- 
tion of the sympathetic or of the grey rami direct (cp. p. 184) or by the 
method of strong stimulation (cp. p. 202). 

It must be noticed that when the area of the lei dale fibres 
of a nerve adjoins the upper or lower limit of the area of its pre- 
- ganglionic fibres, it is often difficult to distinguish the limits of the 
area of the latter. For example, it is often difficult to be certain 
whether the Ind lumbar nerve does or does not send fibres to the 2nd 
lumbar sympathetic ganglion ; for in stimulating the tind lumbar nerve 
in the spinal canal, the fibres which the posterior primary division of 
the nerve receives from the 2nd lumbar sympathetic aes are wory 
apt to be stimulated also. 


The results of the experiments coming under this section are given in a 
tabular form. 

The first vertical column gives the spinal nerve stimulated. 3 

The letters and figures in a horizontal line with the number representing 
a spinal nerve shows the sympathetic ganglia with which the nerve was found 
to be connected. s.¢.g.cr., 8.¢.g.c., g.st.c., g.st.th. are used respectively for the 
cranial rami of the superior cervical ganglion, the cervical rami of the same 
ganglion, the cervical rami of the ganglion stellatum and the thoracic rami of 
this ganglion. The figures represent the corresponding ganglia of the sympa- 
thetic chain ; whether they apply to thoracic, lumbar, sacral or coccygeal will 
be clear the context. 

In some cases the readiness and extent of the movement of the hairs in 
the different areas were noticed, and an idea of the number of fibres running 
to an area formed by noting the effects of minimal to weak shocks. The 
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information so gained is indicated by the small letters appended to the —, 
thus :— 


* against a number indicates strong erection of hairs in the area. 


7" ” ” moderate ” ” ” 
i ” ” weak ” ” ” 
numbers in italics indicate very weak ” ” ” 


The readiness and extent of the movement of the hairs no doubt vary 


directly with the number of stimulated pilo-motor fibres running to the area. _ 


But I would specially say, that no great stress can be laid upon these 
indications of the number of pilo-motor fibres, for the relative degree of 
movement of the hairs in different parts of a strip was only observed roughly 
and the movement decreases as the experiment progresses. 

In some cases no attention was paid to the degree of movement but only 
to its limits, in such cases I have left the numbers without any lettering. 

A (?) before a number indicates that it was doubtful whether any fibres 
ran to the ganglion represented by the number. — 

The areas of the grey rami were sometimes determined (a) by cutting the 
sympathetic just below each ganglion, and then stimulating the piece of the 
sympathetic attached to the ganglion, this was in nearly all cases supple- 
mented by stimulating the ganglion itself ; the rami of the ganglion stellatum 
were stimulated directly, after the preliminary procedure given on p. 187. 


When one of these methods was used in an experiment, the fact is stated by — 


saying, ‘Areas found by stimulating rami.’ In other cases the areas 


were determined (b) by stimulating the spinal nerves near their exit from the - 


vertebral canal (see p. 202). When this method was used, ‘Areas found by 


it is specially mentioned. 

Ivth lumbar or vth lumbar =0 means that the rvth or vth lumbar nerve 
contained no pilo-motor fibres in its nerve roots. 

Unless otherwise mentioned, there were 13 thoracic, 7 embed and 3 sacral 
nerves in each case. 


IV to IX Thoracic Nerves (No. 20). 


IV 8.¢.g.cr.  ?8.¢.g.¢. 

8.¢.g.cr. 8.¢.g.c.5 g.st.c.” ?g.st.th. 

VI 8.0.g.cr.™ 8.¢.g.c.™ g.st.c.®  g.st.th.® 

VII. s.e.g.cr. 8.0.g.c. g.stc™ g.stth™ 5" 6™ 28 29 

gst.o.” F Ff Tf & 9 


Areas found by idicitating rami. 


strong stimulation’ is put after the experiment. When nicotin was given, : 
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VI to IX Thoracie Nerves (No. 36). 


Cervical Thoracic 
VIL ?socg.cr. 72 3 4” — — IY QW 3 4 


The movement of hairs in the head and cervical region was much weaker 
than usual. The skin area of the Ist thoracic grey ramus followed on the 
area of the cervical rami of the ganglion stellatum, and that of the dorsal 
cutaneous branch of the vith cervical nerve. The vith and vimth cervical 
nerves had no supra-vertebral cutaneous branch. The areas of the rami 
overlapped slightly. 

Note that the vith and vith thoracic nerves sent pilo-motor fibres to 
some of the rami of the ganglion stellatum, but not to all of them. 

Areas 6 to 9th thoracic inclusive found by strong stimulation, and all by 


‘stimulating grey rami after injection of nicotin. 


BU MAS 


VIIIth Thoracic to IlIrd Lumbar Nerves (No. 19). 


8 
10 ll 13 
710 11 12 18 1 2 8 24 
7 2» 3° 1™ Doubtful in last 
2 inches of tail 
2” 3™ 1° To end of tail 


_Ivth lumbar = 0. 
Areas found by strong stimulation and by stimulating rami. 
- Lumbo-sacral plexus, anterior type (Class ITT.). 
(1) Strip near mid line only of this area. vuith nerve stimulated at the 
end of the experiment when the movement of the hairs was feeble, so that 
the limits of action of this nerve could not be properly determined. 
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VIIIth Thoracic to IIIrd Lumbar Nerves (No. 43). 


708 9 
7 8 9 10 11 128) 
11 12 18 #12 8 
12 18 12 8 4°@ 6*@), 10 
$8 @° 86 1: 8 
3 4" 56 1 2 8 1 Wholeof tail except 
perhaps tip 


(1) Limits above the area of the 7th grey ramus were not marked ; but 
on stimulating the vi1ith at the end of the experiment no movement of hairs 
was seen on the back of the neck. 

(2) The effect was very slight in the lower half of this area. 

(3) Movement in part only of the areas of these rami, viz. in part near 
the mid line. | 

Lumbo-sacral plexus, median to posterior arrangement (= Class I. to II.). 

Areas found by strong stimulation before and after injection - nicotin. 
IvL=0. 


XIth Thoracic to IVth Lumbar Nerve (No. 25). 
XI@) 12" 137 1™ 


18" 17 4" §@) 
XIII Qe 3m 4m fm, jm 
II 20 38 47 & . . Little below anus 
III & 1* gm 1™ To end of tail, but 
weak in latter half 
IV (4) 272 1™ To end of tail 


(1) These nerves caused some secretion in the inner part of the foot, so 
that they probably sent secretory fibres to the 6th ganglion. 

(2) There was movement in a part only of the area of the 5th ramus, viz. 
in a strip near the middle line ; it Bad have been due to descending fibres 
from the 4th ganglion. 

(3) There was movement in a part “se of the area of the 2nd lumbar grey 
ramus, viz. in a strip near the middle line, and less with the und than with 
the ist lumbar nerve, The movement may have been due to fibres coming 
from the 3rd ganglion by the white ramus of the 1md lumbar nerve. 

(4) This nerve caused some secretion in the outer part of the foot, so 
that it must have sent secretory fibres to the 1nd and perhaps to the Ist sacral 
nerve. 


“ 
Ag 
* 
|| 
+ 
+ 
a 
5 
og 
is 
a 
4 » 
@ 
3 
a 
1 
sq 
3% 
5 
$4 
ey 
€ 
* 


SYMPATHETIC SYSTEM. 


(5) The movement did not take place in the whole area of the 3rd sacral 
ramus; it may have been due to fibres — from the Ist coccygeal 
ganglion. 

The lumbo-sacral plexus was of the posterior type of arrangement (Class 
I.), and the vith lumbar nerve sent a filament to the obturator. 

Areas found by strong stimulation. 


XIMIth Thoracic to IIIrd Lumbar Nerve (No. 22). 


2 3 4 5 

I 2 3 4 5 7 1 

7 #1 2 8 1” Half of tail 
Ill 4 5 7 1 2 3} 361 ~=6© Whole of tail 
rvth lumbar = 0. 


Areas found by stimulating rami. Plexus, median to anterior. 
XIII th Thoracic to Lumbar Nerves (No. 24). 


lower part 

ivth lumbar = 0. 

Areas 2L to 1C found by stimulating rami; 13 Th. to 5L mes Ee oy 
strong stimulation. 


(1) Median part only of area affected. 
(2) Possibly due to escape to grey ramus. in posterior division of the 


nerve. 
XII[Ith Thoracic to IVth Lumbar (No. 38). 
Lumbar Sacral Coccygeal 
xm 
I 
IV 73 «1s 2 3 4° 5 6™ Toend of tail 
vth lumbar = 0. 


Areas determined by strong stimulation. 

The separate areas of the grey rami below the 3rd covnrmal were not 
determined. 

Lumbo-sacral plexus, posterior type; the vith lumbar sends a small 
filament only to the sciatic; the filament comes off from the obturator, so 
that the obturator may possibly receive a few fibres from the viith lumbar. 
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Ist to IIIrd Lumbar Nerves (No. 41). 
4 


Two inches base of tail ) 


2 


3 
8 4 3 
1vth Lumbar nerve = 0. 
Areas found by strong stimulation. 
Lumbo-sacral plexus, median to anterior type. ' 
(1) Movement of hairs on the tail was unusually weak. 


Ist to [1Ird Lumbar Nerves (No. 37). 


4 1m 2 1 (part) About of tail 


(1) The area most strongly affected by the Ist lumbar was not noted. 
_ (2) Effects here by fibres of white ramus from the ganglion below. 
1vth Lumbar nerve = 0. | 
Areas found by strong stimulation ; from the Ist sacral cetera the 
rami were also stimulated. 


Ist to IIIrd Iumbar Nerves (No. 39). : 
3 1(part) Rather more than } tail 

Whole of tail 
; 1 Whole of tail 

1vth Lumbar nerve = 0. 

Areas found by strong stimulation. The nerves below the vth were not 
stimulated ; the vth nerve had no effect. 

Lumbo-sacral plexus, anterior arrangement. 


Ist to IVth Lumbar Nerves (No. 23). 


It 1 3 1 Whole of tail 

IV 1 To end of tail, effect 
weak 


vth lumbar nerve = 0. 
Areas found by stimulating rami. 
Lumbo-sacral plexus, posterior type; the vith lumbar sends a small 


. branch to the obturator. 


The area of the 3rd sacral was here wneud small, and above the level 
of the anus, cp. Plate VIII. 
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Ist to IVth Lumbar Nerves (No. 42), 


IV 5 1 2 8 1. Whole of tail 


vth lumbar nerve = 0. 

Areas found by strong stimulation. 

Lumbo-sacral plexus, posterior type ; the viith lumbar sends a small fila- 
ment to the obturator. 


IInd Iumbar to IVth Lumbar + (No. 48). 


IV | 3 1 Toend of tail 

1vth lumbar nerve = 0. 

Areas found by strong stimulation. 


Lumbo-sacral plexus, posterior type ; the vith lumbar sends a filament to 
the obturator. 


Examples of decreased irritability of Nerve-cells (No. 18). 


It sometimes occurs in an experiment that the spinal nerves affect a 
much shorter area than usual, and the effect may diminish or disappear 
towards the end of the experiment, notwithstanding that the post- 
ganglionic nerve fibres are still capable of producing a strong movement 
of the hairs. This appears to be due to an unwonted feebleness of the 
circulation, in consequence of which the ganglia receive an insufficient blood 
supply. A condition is thus produced similar to that produced by nicotin., 
This fact must always~be borne in mind in determining the number of 
ganglia with which a spinal nerve is connected, for when a few fibres only 
run to a ganglion, a comparatively slight diminution in the irritability of the 
ganglion may be sufficient to prevent the fibres from producing any visible 
effect. 

The following experiment will illustrate this. 


VII 6 29 


Ix 9 
X 
XI 


The nerves were stimulated from below upwards. About three-quarters 
of an hour after the first stimulation, a moderate tetanising current produced 
no effect, nor was any produced by a similar current on the vilth and vith 
thoracic nerves. But when a strong tetanising current was applied to the 
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nerves peripherally of the posterior root ganglion, strong movement of hairs 
was caused in the regions corresponding to the respective grey rami of the 
nerves, In some cases there was a trifling movement outside the area of the 
grey ramus of the nerve stimulated, but in most cases there was none. The 
feebleness of the circulation and the depth of the anzsthesia were indicated 
by the fact that direct stimulation of the upper end of the spinal cord produced 
scarcely any body movement. | 


The materials, which the foregoing experiments present for con- — 
sideration, I shall take as far as possible under separate headings. 

a. The connections of the pre-ganglionic fibres of a spinal nerve with 
the rami of a compound ganglion. 

The experiments show, that when a spinal nerve sends fibres — 
to join the cells of a compound sympathetic ganglion, it 
does not necessarily send fibres to all the rami of the 
ganglion; but the rami to which it does send fibres form 
an unbroken series. 

In fact the compound ganglion behaves like a group of separate 
ganglia. 

Thus the coccygeal ganglion in the nerve-cell station for all the 
coceygeal nerves. The tnd lumbar nerve may send fibres to this 
ganglion; the continuation of these fibres may run on in the first, 
or in the first two, three or four nerves without any running on in 
the other coccygeal nerves. So the Ivth lumbar nerve may send 
fibres to the lowermost two, three or more coccygeal nerves without 
sending any to the rest. But neither nerve sends fibres to two 
coccygeal nerves, without sending them also to the intervening nerves. 

_ Turning to the ganglion stellatum, we see that the vith thoracic 
nerve may send pilo-motor fibres to its thoracic rami, without sending 
any to its cervical rami. And there are similar facts with regard 
to the superior cervical ganglion. | 

b. Limits of the connections fownd between each spinal nerve and the 

ic gangha. 

In the following Table, I put together the results of all the 
experiments as to the limits of connection of each spinal nerve with 
the various sympathetic ganglia. It will of course be understood that 
in any individual case, most of the nerves make less wide ganglionic 
connection than is represented here. The usual connections of the 
lumbar nerves when the Ivth lumbar nerve does not contain pilo-motor 
fibres may be seen in a Table given in my —* account in the 
Proc. Soc. Vol. Lil. p. 552. 
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A ? is placed. before the number representing a ganglion when 
it is not quite certain, whether the ganglion-cells were in any case 
connected with the spinal nerve indicated by the number in the same 
horizontal line. 

A number representing a ganglion is given in italics when a part 
only of its pilo-motor area has been found to be connected with the 
spinal nerve indicated by the number in the same horizontal line. 

In this Table I insert some connections of spinal nerves with 
ganglia, which have been determined by nerve-fibres other than 
pilo-motor. Thus the Ist, 1md and tird thoracic nerves send pupil- — 
lary, vaso-motor and other fibres to the superior ‘cervical ganglion’; 
the Ivth and 1xth thoracic nerves not uncommonly, and perhaps 
usually, send secretory and vaso-motor fibres to the ganglion stellatum’. 
The xith thoracic nerve may send secretory and vaso-motor fibres to 
the 6th lumbar ganglion. In the Table I put in brackets those ganglia, 
the connection of which has been determined not by pilo-motor but by 
some other sympathetic fibres; the 6th lumbar ganglion is also put in 
brackets because the evidence ‘that it ever.is connected with sik acta 
fibres is not quite satisfactory. 

The vth lumbar nerve often has fibres for the pelvic viscera, I 
propose to take these into consideration at a later time. 


TABLE. 
(8.¢.g.) 
(8.¢.g.) 
(8.¢.g-) ?(g.st.) 
8.¢.g.  (g.st.) 
8.C.g. 
8.6.g. 
g.8t 5 6 7 28 29 
(g.st.) 5 6 7 8 9 10 11 12 
710 711 12 18 1 2 3?4 - ?(6) 
212 18 128 4 65 71 
218 12 8 4 5 (6) 7 122 
284571381 
465 671281 
5 (6) 71.2 8 1 


1 Op. Langley. Phil. Trans, B. p, 85, 1892. Langley and Anderson. This 
Journal, Vol. x11. p. 577. 


2 Op. Langley. This Journal, Vol. xu. p. 367, 1891. 
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c. Relation between the arrangement of the lumbo-sacral plexus and — 
the connection of the pre-ganglionic fibres of the lumbar nerves with the 
sympathetic ganglia. 

We have seen that the sympathetic ganglia which are connected 
with any given spinal nerve vary with the individual. It seemed 
probable that the variations might be found to be correlated with some 
recognisable variations in the origin of the spinal nerves such as is 
afforded by the origins of the nerves making up the lumbo-sacral 
plexus. A good many facts with regard to this are contained in the 
foregoing experiments. Here we may take one nerve the Ind lumbar 
and collect from the experiments given above and from some others, 
the lower limit of the skin supplied by the nerve and 0 —— 
of the lumbo-sacral plexus. 


Extent of tail innervated by the pilo-motor fibres of the 1nd lumbar 
nerve. | 


Anterior Type of Lumbo-sacral Plesxus. 


(47) Whole of tail. 
(39) Whole of tail. rvL=0. 
(19) Whole of tail, doubtful last two inches. 1vL=0. 
(12) Two-thirds of tail. (There was an extra thoracic nerve.) 
(7) a parc more than half of tail. (There was an extra lumbar 


Probably’ Anterior or Median Type. 


(24) Nearly whole of tail ; weak in lower part. 1tvL=0. 
(22) Half of tail. ivL=0. 
(37) About half of tail. rvL=0. 


Anterior to Median Type. 
(8) Whole of tail except last twoinches. tvL=0. 
(46) Half of tail. wL=0. 
Median Type, or a little above or below. 


(13) One-third to half tail. rvL=0. 
(41) Two to three inches base of tail (action feeble)’. 1vI.=0. 
(#3) Whole of tail. tvL=0. 


1 In these the plexus was not dissected, it was as a Anterior or Median type, 
since the rvth lumbar nerve-roots contained no pilo-motor fibres. 
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Postervor Type. 
(23) Nearly half of tail. 1vL = weak. 
(42) To level of anus. 1vL =good. 
(48) To about level of anus. tvL=good. 
(25) ‘To little below anus. 1vL = good. 
(38) To little below anus. rvL = good. 


We see that in nearly all cases the Ind lumbar nerve runs to a 
more posterior ganglion and supplies a more posterior portion of skin, 
the more anterior the origin of the lumbo-sacral plexus. 

The exceptions are I think chiefly due to the lack of correspondence 
which often exists between the arrangement of the upper and lower 
lumbar nerves; but it is hardly worth while as yet to discuss this in 
detail. 

One apparent exception (No. 41) there can be little doubt was 
caused by a lack of irritability in the coccygeal ganglion (probably 
by a diminution in the blood-supply to it owing to operative pro- 
cedure), for the 11rd lumbar nerve instead of causing strong erection 
of all the hairs of the tail, only caused a weak movement of the hairs 
of the basal half of the tail. 

I conclude then that the more anterior the origin of any 
given upper lumbar nerve, the more posterior is the distri- — 
bution of its white ramus to the sympathetic ganglia and 
to the skin. A corresponding rule no doubt holds for the thoracic 
nerves, taking into account the difference in the direction of the fibres 
of the white rami in the mid and upper thoracic region. 

The conclusions just given, viewed from a different point.of view, 
may be stated thus. The connection of successive nerve-fibres stretch- 
ing from the spinal cord, to the sympathetic ganglia and the skin, 
is approximately constant, but any given small bundle of fibres leaving 
the spinal cord may make its way to the sympathetic by either of 
two adjoining spinal nerves. | 

So far I have only taken into account the variation in the distri- 
bution of the upper lumbar nerves, which depend upon variation in 
their origin, because this is the chief cause of variation ; but minor 
shiftings will of course be caused by the shiftings in the lower nerves 
and their sympathetic ganglion. 


PILO-MOTOR FIBRES IN THE Doe. 
I have made a few experiments only in the dog, but sufficient 
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to show that the general arrangement of pilo-motor fibres is the 
same as in the cat. The chief difference I have noticed is in the 
course of the fibres which run from the superior cervical ganglion 
to the skin region of the 1nd and Iird cervical nerves. In the dog 
these fibres run chiefly in the anterior strands of the ganglion, and 
to a less extent in the strand to the external carotid artery. In the 
cat, as we have seen (p. 186), the corresponding fibres run, by grey 
rami, direct to the Ind and Iird cervical nerves. The movement of 
hairs in the face area of the dog, is weaker than in the cat. 

I have made two experiments to determine in the dog the upper 
limit of the origin of pilo-motor fibres from the spinal cord. The 
vith cervical and the first three thoracic nerves had no _ pilo-motor 
effect. The Ivth, vth and vith thoracic nerves caused a movement of 
hairs in the occipital region and over the upper cervical vertebra; the 
effect was least with the Ivth thoracic nerve. The upper limit of 
movement in the occipital region was farther from the ears than it 
is in the cat. The movement in the face area was very slight. In the 
one experiment tried, the tird lumbar nerve was the lowest to give 
pilo-motor effects. 


CORRESPONDENCE BETWEEN THE AREA SUPPLIED BY A SPINAL NERVE 
AND THE AREA SUPPLIED BY ITS POST-GANGLIONIC SYMPATHETIC 
FIBRES. 


The post-ganglionic fibres of a ial nerve are in most cases the 
fibres it receives by its grey ramus. In an earlier paper’ on the sweat 
nerves to the foot I have expressed my opinion that the peripheral 
distribution of a grey ramus of a spinal nerve is determined by the 
peripheral distribution of the nerve itself. That opinion was based in 
large part on a comparison of the overlapping in the areas of the sweat 
nerves of the grey rami of the vith lumbar to the Ind sacral nerves 
in the cat with the overlapping of the areas of the sensory nerves as 
described by Tiirck? in the dog. 

In the cat I had found that there were four rami by which secretory 
fibres might ‘pass to the foot, viz. the vith lumbar to the Ind sacral, 
that occasionally the vith lumbar ramus and more frequently the 
Iind sacral ramus might be devoid of secretory fibres, and (so far as the 
experiments went) in correlation with a posterior and an anterior type 

1 This Journal, Vol. xt. p. 347, 1891. 


2 Tiirck. Sitzwngsb. d. Wiener Acad. xx. p. 586, 1856, and Denksch. d. Wiener Acad. 
xxix., Math.-nat, Cl. p. 299, 1869, 
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of lumbo-sacral plexus respectively ; that the successive rami affected 
chiefly successive strips of the foot from the internal to the external 
border. I found that each part of the skin of the foot received secretory 
fibres from two, most parts from three, and some parts from four grey 
rami; and on grounds, which now seem to me insufficient, I concluded 
that each part of the skin usually received fibres from all four rami’. 

Turning now to Tiirck’s results on the distribution of sensory 
nerves in the dog. He found that the vith and vith lumbar and the 
Ist® sacral nerves supplied sensory fibres to the foot; that the areas 
supplied by these were successive in so far as the mid-portion of them 
formed a series passing from internal to external border of the foot ; 
that each part of the aa was supplied by two, and parts by three 
spinal nerves. 

The correspondence between the distribution of the several fibres of 
the grey rami and that of the sensory fibres of the nerves to which they 
run is sufficiently striking ; and if we bear in mind that the cat and dog 
differ somewhat in the arrangement of their spinal nerves, and that 
Tiirck’s experiments take no heed of the differences in different 
individuals, and that mine heed it in part only, there can I think be 
little doubt that the sweat fibres of each ramus accompany the sensory 
fibres of the corresponding nerve. 

Since sweat glands are not present in the whole of the skin-area 
supplied by the sensory nerve, it is obvious that the distribution of the 
two is not the same, but we can say that any given portion of skin 
which has sweat glands will receive sensory fibres from the 
nerves the grey rami of which send secretory fibres to it. 

Sherrington’s’ recent account of the distribution of the sensory 
nerves to the foot of the monkey, is similar in the main points which 
concern us here to the account of Tiirck. He finds that each part of 
the skin of the foot receives sensory fibres from two or from three of the 
nerves of the lumbo-sacral plexus. 

The argument so far has been concerned with the fibres coming 
from the anterior primary divisions of the spinal nerves. A welcome 
addition is that offered by the pilo-motor fibres, since these come from 
the posterior primary divisions of the spinal nerves. 


1 I have made further experiments upon this and upon some other points connected 
with the sweat nerves and I hope to publish them shortly. 

2 In the dog the lumbo-sacral plexus is usually arranged as the anterior or median class 
of the cat, it is probably in consequence of this that the mnd sacral nerve sent no sensory 
fibres to the foot. . 

8 Sherrington, Proc. Roy. Soe. Vol. un. p. 333, 1893, 
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With regard to these the evidence brought forward in the earlier 
_ part of the paper is conclusive as to the general correspondence, within 


the area of erectile hairs, of the distribution of the sensory fibres of a 


nerve and of the pilo-motor fibres of its grey ramus. 
The pilo- -motor fibres and the sensory fibres can be 
traced running together up to their entrance into the skin; 


and there is no difficulty in showing that the greater bart. 
of the area supplied with pilo-motor fibres by a given grey. 
ramus is also supplied by sensory fibres by the correspond- — 


ing spinal nerve. 

“This statement, it will be seared, is the result of direct experi- 
ment, and does not depend as do the conclusions with regard to the 
sweat fibres upon a comparison of the sympathetic areas which I find, 
with the sensory areas found by others. My experiments, however, do 
not show the limits of the distribution of the sensory fibres of a given 
dorsal cutaneous branch, and I have no difficulty in believing that the 
sensory fibres of a given cutaneous nerve spread out in the skin much 
farther than the pilo-motor fibres. 

We may now turn to the observations of Tiirck and of Sherring- 
ton upon the distribution of the nenecry fibres of the dorsal cutaneous 
branches. 

According to Tiirck, in the dog, the vith, vith, vith cervical and 
Ist thoracic nerves, and the Ivth, vth, vith, vitth lumbar nerves have no 
cutaneous branches from their posterior divisions, and these nerves do 
not supply the skin over the vertebra’. 

Sherrington finds in the monkey, that in the brachial region the 
vilth, vilith cervical (perhaps also the vith), the Ist and 11nd thoracic 
nerves*, and in the lumbar region the vth, vith, vith, vitth post- 
thoracic nerves* send no sensory fibres to the mid-dorsal line. 

They find then a gap for sensory nerve fibres, like that which I find 
for pilo-motor fibres, but the gap in the sensory fibres is greater. And 
this gap might be expected to vary in different animals. 

The dividing line between the effective and ineffective rami both in 
the brachial and lumbar regions in Tiirck’s experiments is very nearly 
the same as the dividing line in mine (ep. P. 209); and allowing for the 

ter gap in the dorsal cutaneous nerves in the dog, his sensory areas 
correspond closely with the pilo-motor areas of the cat. 


1 There are some obscurities in the account (written after Turck’s death) which, in 
this brief statement, I put on one side. 
2 Unpublished results. -§ Sherrington. Proc, Roy. Soc. Vol. um. p. 333, 1893. 
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_. There is one marked difference between the results of Tiirck and 
those of Sherrington. The former finds that the areas of the thoracic 
nerves do not overlap. The latter finds that they largely overlap, sc 
that any one portion of skin receives fibres from two nerves, and the 
skin of the nipple from three. We have seen that the areas of the 
pilo-motor fibres of successive cutaneous nerves vary greatly in the 
degree to which they overlap. In some cases it is minimal, like that 
described by Tiirck for sensory fibres, in others it is considerable, and 
may be like that ordinarily found by Sherrington for sensory fibres. 

Sherrington’s experiments seem to me to show that the overlap- 
ping of successive sensory areas is never slight ; although I do not think 
that his method is adapted to determine the exact extent of overlap- 
ping, since by it two successive areas are determined, not in one, but in 
two animals. 

_ Since, then, the sympathetic secretory fibres, running to the anterior 
primary divisions of the spinal nerves, and the sympathetic pilo-motor 
fibres, running to the posterior primary division of the spinal nerves, 
have in the main the same distribution as the cutaneous sensory fibres 
of the several nerves, is there any reason for confining this arrangement 
to these particular classes of sympathetic fibres? There seems to me to 
be none. The secretory and pilo-motor fibres are contained in the grey 
rami and the grey rami run to the spinal nerves; any general plan 
which applies to some of the fibres in them will almost certainly apply to 
the rest. The vaso-motor fibres to the foot run in the sciatic, and in the 
few experiments I have made, I have found that the vaso-motor fibres 
to the skin of the body run in the cutaneous branches of the spinal 
nerves. | 

Hence I conclude that, so far as the skin is concerned, 
the distribution of all the sympathetic fibres which run to 

a spinal nerve is in the main the same as that of the sen- 
sory fibres of the nerve. And that the distribution of the 
sympathetic fibres of a spinal nerve can in the main be 
determined by dissecting the nerve in its course. 

A similar law probably holds for the sympathetic and motor fibres of 

a spinal nerve, but the information with regard to sympathetic fibres to 

muscle is so slight, that the matter is not at present worth discussing. 

_ [have frequently used the phrase ‘in the main’ in comparing the 
areas of the sympathetic and the sensory fibres of a nerve. By this I 
mean that the two kinds of fibres run together, entering the skin 
together, and are distributed to a greater or less degree to the same 
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portion of the skin. I see no reason why all the kinds of fibres in the : 
nerve should end in the skin at the same limits. I have shown that 
the extent to which pilo-motor fibres stretch out in the skin varies. 
Since this happens in different cases with one kind of nerve fibre, there 
appears to me to be no difficulty in believing that it may happen with 
the different constituents of one nerve, so that the tactile fibres, the 
afferent fibres of pain, the afferent fibres of temperature, the sympa- — 
thetic fibres may run on in the skin to different limits. And it is 
possible that the different kinds of sympathetic fibres may have 
different limits of distribution. Some special modifications in the areas _ 
of the vaso-motor fibres must, no doubt, be caused by the common ~ 
anastomosis of the blood vessels. 


DEDUCTIONS AS TO THE ARRANGEMENT OF THE SYMPATHETIC 
SYSTEM IN MAN. 


It hardly needs to be stated that an exact knowledge of the 
arrangement of the nervous system in any one animal enables us to fill 
in with approximate truth the gaps in our knowledge of the nervous 
system of any other animal, and the more completely the more nearly 
the animals compared are related to one another. . 

Since there is some special interest attaching to a knowledge of the 
nerves of man, I will give the results as regards man, which seem to me 
fairly deducible from what has been said above as to the cat. We 
will first take the lumbar nerves. The comparison between these 
nerves in man and the cat would be easier if the distinction between an 
anterior, a median, and a posterior arrangement of the nerves had been 
more distinctly recognized in human anatomy. - 

Beginning anteriorly we see that the upper cervical nerves fairly 
closely correspond. In the lower cervical region we have a relatively 
greater development of nerves for the fore-limb in man than in the cat, 
this is shown by the relatively greater number of nerve fibres of 
anterior origin which run to the brachial plexus. : In the cat the nerves 
which do not supply cutaneous branches to the mid-dorsal line are 
usually the vilth and vitith cervical. In man consistently with the 
more anterior origin of the brachial nerves, the vith (as a rule) as well 
as the vilth and viitth has no such fibres. The Ist and und thoracic 
nerves of man and cat are so much alike, that we should expect to find 
at times in man as in the cat that the Ist thoracic nerve has no mid- 
dorsal cutaneous nerve. And probably in man the nerves which send 
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no fibres to the midline would be either the vith, vith and vith 
cervical or the viith, vilith cervical and the Ist thoracic. 

‘The uppermost white ramus of man should come from the -Ist 
thoracic nerve, t.¢. the Ist thoracic is probably the highest spinal nerve 
by which motor and sensory fibres run to the viscera. But it seems to 
me not unlikely that a posterior arrangement of the brachial plexus 
occurs sometimes in man, in which the Ist thoracic nerve has no white 
ramus. 

In the dorsal and upper Laie region, each nerve supplies a 
somewhat larger proportion of the body in man than in the cat. — 

It is obvious that the Ind, 1rd and rvth lumbar nerves of man 
roughly correspond with the Ivth, vth and vith respectively of the cat, 
but that the correspondence is by no means exact. Thus the uppermost 
of these nerves sends relatively more fibres to the crural and obturator 
in man than in the cat. 

Now in the cat the Ivth or vth lumbar nerve is the lowest nerve 
_ which sends a white ramus to the sympathetic. In man then, the 11nd 
or 1rd lumbar nerve should be the last to send a white ramus to the 
sympathetic. And since the nerves to the leg, mentioned above, 
extend a little more anteriorly in man than in the cat, we should 
expect that in man the Uird lumbar nerve would more rarely have a | 
white ramus than the vth lumbar nerve of the cat. 


Since a white ramus always has sensory fibres’, it appears to me that 


some re-arrangement is required in the areas marked out by Head* as the | 


result of clinical examination, and described by him in a recent valuable 
Paper. The required re-arrangement would bring the lumbar and sacral areas - 
into close correspondence with the anatomical distribution of the nerve roots. 
Head's xth dorsal area appears to me to consist of two areas. 


In man the nerves to the leg encroach more on the sacral region of 
the cord than they do in the cat, and the homology of the nerves is not 
quite clear. Since the nervus erigens arises in the cat (as a rule) 
chiefly from the Ind sacral nerve with a variable number of fibres from 
the Ist and wird, and in man as a rule chiefly from the mird and rvth 
sacral with some fibres from the Und; it may be fairly concluded that 
in the main the Ind, tird and Ivth sacral nerves of man correspond 
with the Ist, 1nd and mird sacral nerves of the cat. Sherrington, 
who has pointed out this correspondence, makes the vith lumbar nerve 


1 Op. Langley. Phil. Trans. 1892. B. p. 121. 
2 Head, Brain, 1898, p.1. 
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of the cat homologous with the combined vth lumbar and Ist sacral of 
man. If it were quite clear that the Ist sacral nerve of man never 
sends fibres to the nervus erigens, I should agree with this, We may 
conclude that in man the lower nerves which send no fibres to the 
viscera are sometimes the urd, Ivth and vth lumbar; sometimes the . 
Ivth and vth lumbar and the Ist sacral; and sometimes probably all 
the four nerves. 

On the basis of the comparisons made above we can draw. up a 
Table of the probable connections of the spinal nerves in man with the 
ganglia and grey rami of the sympathetic trunk. 


Probate connection of the Spinal of Man with the Sympathati 


- Ganglia and Grey Rami. 
Spinal Thoracic Lumbar Sacral 
I 8.0.g. 
Il s.0.g. 
s.e.g. 
IV 80g. i.¢.g. 
Vv 8.0.g. icg. 1 2 | 
- 26 6 78 1 ll 
Ix 2879 10 11 12 1 2 
x 8 
xI 12 12 8 4 
XII 
I 72845412 
Il 7846128461 


DESCRIPTION OF FIGURES, 


All the figures refer to the Cat. 
VII. 


Fig. 1. (a) Diagram to show the branches of the superior cervical ganglion. 


cr.r. cranial rami. 

ec. branch to external carotid, dividing close to the artery. 

1.2.3. grey rami to Ist, 1md, and 11rd cervical nerves respec- 
tively. 

thy.br. branch accompanying the thyroid artery and wien 
to the thyroid gland and its —_ 
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(b) ace.g. accessory cervical ganglion, sending off two grey rami, 
one to the 11rd and 11nd cervical nerves, the other to 
the thyroid artery. | 

Fig. 2. Diagram to show the branches of the ganglion stoliaburn. 
A.V, & A.V,. limbs of the annulus of Vieussens. 


Th.br. branch to thoracic viscera. | 
1.0. branch accompanying vertebral artery, and giving 
off filaments to — vth, tvth and 11rd cervical 
nerves, 
a. course sometimes taken by grey ramus to vitith 


cervical nerve. 

Fig. 3. Sympathetic chain from 4th to 10th thoracic, showing white and 
grey rami, the white rami are represented of a darker tint than 
the grey. 

Fig. 4. Sympathetic chain from 11th liowacle to the 5th lumbar ganglia. This 
represents a particular case ; usually, as described by Navrocki, 
three strands only run from the sympathetic trunk to the inferior 
mesenteric ganglion. The white rami and the nerve-strands which 
consist chiefly of medullated fibres, are ne of a darker 
tint than the grey rami. 

Fig. 5. Sympathetic chain from vith lumbar to Ist coccygeal ganglia. 
Like Fig. 4, this represents a particular case. 

Figs. 6,7, 8. Variations in the arrangement of the lumbo-sacral dave, 

supplementary to those figured in vol. x11. plate x11. of this 
Journal, 

Fig. 6. Posterior arrangement of plexus; the vith lumbar nerve sends a very 
small branch to the sciatic ; the vitth lumbar nerve sends a branch 

the obturator. 

Fig. 7. Posterior arrangement of plexus; the vth lumbar nerve sends a 
small branch only to the crural; no branch was found passing 
from the vith lumbar nerve to the sciatic. 

Fig. 8. Anterior arrangement of plexus, and an additional lumbar nerve. — 


= this with Fig. 6. 
Prate VIII. 


In this Plate I give the results of all the experiments made after a certain 
date, except two in which for lack of time I was unable to carry out an 
adequate dissection. 

The vertebre, ribs and spines are drawn as they were in a particular 
animal. 

In the experiments, the position of the skin areas was sometimes 
determined in relation to the spines of the vertebre and sometimes with 


2g 
3 

ag 
Sag 

4 
Sa 

Vy 

im” 

By 
q 
\ 
\ 
} 

4 

q 

“a 

x 

4 

wa 

“Ag 

4 

+ 

- 


J. N. LANGLEY. 


regard to the onds of the vertebre. Now the relative lengths of the 
vertebre and the relative position of the spines vary somewhat in different 
individuals, and in consequence some alteration of the relative lengths of the 
areas is inevitable in transferring them from the — sketches to the 
particular vertebral column figured here. 

Above each set of areas is placed in a circle the reference number (cp. 
p. 210) of the experiment in which the areas were observed. 


I had already made about twenty experiments at the date of the earliest given 
here. I have omitted these earlier experiments from the Plate, because in 
making them I was not much concerned to determine the exact — of the 
grey rami. 


When in an experiment the genre of the areas was not specially 
determined, I have in the Plate represented the areas as not overlapping. It 
must be understood that in these cases the overlapping may have been 
anything from one millimetre to a quarter of one of the areas, but far more 
often near the former than the latter limit. 2 

‘When at the place marked by an arrow, there is a break in the sequence 
of the nerves, it will be understood that the omitted nerves received no pilo- 
motor fibres from the sympathetic. : 

I append some notes of the several experiments: in these I use where 
feasible (a), (b) and (c) to indicate the method by which the areas of the grey 
rami were determined, viz. : | 

(a) for one of the methods described on p. 184, except that when 
nicotin was given it will be specially mentioned. 

(6) for the method of stimulating the dorsal cutaneous nerves, 
afterwards dissecting the nerves to their origin. 

(c) for the method of strong stimulation of the spinal nerves ~ the 
spinal canal (cp. p. 202). 

Plexus is used for the lumbo-sacral plexus. 

_ IvL=0 or vL=0 is put according as the 1vth or vth lumbar nerve 
was the highest lumbar nerve containing no pilo-motor fibres in 
its nerve-roots. 

No. 17. Nicotin given. Sympathetic cut above and below each ganglion, 
ganglion or ramus stimulated, The cervical rami of the ganglion 
stellatum affected an area stretching laterally as well as above 
the region of 2nd Th. and partly including it. The Ist, 3rd, 4th 
and 5th Th. gave no observable effect. On stimulating the 6th. L. 
an effect was sometimes observed in the region of the 5thL. It 
was not quite certain that the large area affected by the 2nd8. 
was not due to an escape of current to the 3rd8. The spines of 
the 10th, 11th, 12th vertebre instead of the 9th, — abo 

were close together. 
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(cp. p. 225.) 6th, 11thTh. by method (c) and 10th Th. to end by 
method (a). 


(op. p. 221.) TthTh. to 41 by method (c). From 21 downwards, 


stimulate ganglia, the sympathetic being cut on each side. 
ivL.=0. Plexus, anterior. 

(cp. p. 223.) All by method (a) and 1L. to 4L. by method (c) 
IvL. = 0. Plexus, median to anterior. 

(cp. p. 224.) Method (a). 3rdL. area not directly determined, but 
the ‘long strip’ of the 1st. nerve began at the 6th lumbar 
vertebra. Stimulation of the Ist Coc. ganglion, the sympathetic 
being cut above and below it, caused movement of hairs on the 
tail for about 24 inches below the anus; the sympathetic below 
the coccygeal ganglion caused movement of hairs in the rest of 
the tail and in the lower part of the area of the coccygeal ramus. 

vL.=0. Plexus, posterior. 

(cp. p. 223.) 12thTh. to 5thL. by method (c), and 2ndL, down- 
wards by method (a). A few fibres passed from 5th ganglion by 
the white ramus of the 1vth nerve to the area of the 4th lumbar 
ramus. IvL. =0. 

(cp. p. 222.) Method (c). Not quite certain of limits of dotted 
areas. vl.=0. Plexus, posterior. The IstL. vertebra had a 
small rudimentary rib. 

Method (a). Dotted line apparently belongs to area 2nd Coc. | 
Plexus, median to anterior. The rxthTh. nerve was the highest 
to send its white ramus downwards. 

Method (a). 

Method (8). 

Method (6) for cervical rami. Rest by method (a). The 6th and 
7th lumbar grey rami had no pilo-motor fibres. Plexus, posterior 
to median. 

Method (4). The branch causing movement in the lower part of 
the area of the cervical sympathetic was cut in following it 
through the fascia, so that it was uncertain whether it came 
from the urd or rvth cervical nerve. 

Rami stimulated before and after injection of nicotin. 

Method (c), except for rami of the coccygeal ganglion. There was 
an extra lumbar nerve. tvL.=0. Plexus, median. 

Method (6). 

(cp. p. 221.) Method (a) and 5 to 9th Th. by method (c). The cervical © 
rami.of the ganglion stellatum, which were stimulated at the end 
of the experiment, gave a weak action only. Plexus, median. 

(cp. p. 224.) Method (c) except Ist Coc, Method (a) was also used 


> 
4 
4 
ay 
¥ 
3 
a 
q 5 
4 
on 
~ 
ia 
is 
| 
‘Te 
any 
1 
= 
“4 
< 
x 
4 3 
i 
4 
N 3 4 
o. 37. 
Ws 
a 
+ 


240 


No. 38, 


No. 39. 
No. 40. 


No. 41. 


No. 42. 


No. 43. 


No. 48. 
No. 49. 


J. N. LANGLEY, 


for the sacral rami, but gave inconstant results and much more 
overlapping than that given by method (c). The vitthL. to the 
1118. were stimulated after death. ivL.= 0. 


(cp. p. 223.) Method (c). The limits of the 18. is given as it was 


near the middle line, laterally it stretched out on the leg, and with 
the leg outstretched came very nearly down to the posterior limit 
of the undS. vl.=0. Plexus, posterior. 

(cp. p. 224.) Method (c). tvL.=0. Plexus, anterior. 

Stimulated sympathetic and rami after injecting 40 mgs. of nicotin. | 

Stimulation of sympathetic trunk between the ganglia from 5th 
to 8th Th. gave no effect. After cutting above and below 
ganglia, stimulation of the 5th ganglion gave no certain effect 
but there may have been a slight movement from the end of 
4th area to beginning of dotted line of 7th. Stimulation of the 
6th ganglion had no effect. Stimulation of the 7th ganglion had 

a good effect, sometimes but not constantly including the dotted 
line. Plexus, median or median to anterior. ; 

(cp. p. 224.) Method (c). The relative lengths and degree of over- 
lapping of the areas is given, but the position of the areas with 
regard to the vertebre was not determined with certainty. 
1vL.=0. Plexus, median to anterior. 

(cp. p. 225.) Method (c). The 11rd sacral had a weak effect only 
in the dotted portion. Stimulation of the cauda equina, é.e. 
practically the 1md coccygeal gave movement of the hair on the 
tail taking half of the area of 18. and an equal distance below it. 
-vL.=0. Plexus, posterior. 

(cp. p. 222.) Method (c), before and after injection of nicotin, 
IvL.=0. Plexus, median to posterior. 

(cp. p. 225). Method (c). vL=0. Plexus, posterior. 

Method (a). | 

IX. 


On the right side the dorsal cutaneous nerves of the cat are shown as they 
were in a special case. The case represented is uncommon, in so far as the 
vith cervical nerve had a dorsal cutaneous branch, and there was an extra 
thoracic segment. The course of the nerves is given as seen when the skin 
is cut through in the mid-dorsal line and reflected, any superficial fat present 


being cleared away. A part of the course of one or two of the nerves in the 
tissue is shown by a fine broken line. The position of the spines of the 
vertebree is-given ; many of these are of course not seen without additional 
dissection. d.pl. branches from dorsal lumbo-sacral plexus: v.pl. branches 
from ventral-sacral plexus. c. coccygeal branch. : 

On the left side is roughly shown by a thick broken line, the region of 
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the skin in which erection of the hairs was produced in a particular case ; the 
case chosen being the minimum of lateral extension of erectile hairs on the 
back, the maximum extension I have observed was 4°25 centimetres from the 
vertebral spines. The extent and form of the curve outwards over the fore 
and hind limb vary somewhat in different individuals. The thin broken lines 
indicate the position of the scapula and of the upper part of the ileum. 

| ADDITIONS. 


4 


Schiff experiments upon nerves to the hairs. 


Professor Schiff has recently sent me a short paper’, published in 
1870 in L’Imparziale, in which he describes the erection of the hairs 
of the tail of the cat, under the influence of nervous impulses passing 
from the spinal cord, and through the sympathetic system. I regret 
that my ignorance of this paper has prevented me from making refer- 
ence to it earlier. 

Schiff argues that the commonly asserted distinction of ‘ vegetative’ 


and ‘animal’ nerves does not exist, that the sympathetic system is not 


independent of the cerebro-spinal system, and that the sympathetic 
nerves simply convey impulses received from the medulla or spinal cord. 
In illustrating his argument, an account is given of some experiments 
made by him, relating to the erection of hairs on the cat’s tail. He 
shows that erection of the hairs of the tail, like that observed in an 
angry cat, can be produced by stimulating electrically the spinal cord, 
both before and after curari paralysis, but that the effect ceases on 
section of the lumbar sympathetic on both sides. When a cat is 


_ brought face to face with a dog, the hairs of its tail stand on end. 


Schiff shows that this reaction disappears after section of both lumbar 
sympathetics. He states that it persists after removal of the lumbar — 
portion of the cord. He states also that the nerve-fibres for the tail 
arise from the lower thoracic portion of the spinal cord, and traverse the 
whole of the sympathetic chain below. The statements in the last two 
sentences are the only ones which require correction; we have seen 
that the pilo-motor fibres for the tail arise from the upper lumbar 
region, and not from the thoracic region. 


White ramus to the IInd lumbar nerve of man. | 
I have said above (p. 235) that a comparison of the nerves of the cat 
with those of man suggests that the tnd lumbar nerve of man should 


1 “§ull’ Autonomia del Simpatico; Lettura del Prof. M. Schiff, fatta al Museo di 
Firenze il di 22 Maggio 1870, e raccolta da A. Herzen.” L’Imparziale, Anno x. 
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~ give a white ramus communicans to the sympathetic. Mr A. Latham, 
of St George’s Hospital, London, was kind enough to undertake the 
troublesome task of dissecting out the lumbar and upper sacral sympa- 
thetic in a human subject, carefully noting the origins of the several 
rami. The preparation was preserved, and sent to me by Dr H. D. 
Rolleston. In this preparation the last large white ramus was that 
from the Ist lumbar nerve; but one of the two rami of the 1nd 
lumbar nerve contained a bundle of medullated fibres, having the 
character of the white ramus. The rami of the lower lumbar nerves 
contained scattered medullated fibres of various sizes, but no consider- 
able bundle of such fibres. 


Relative distribution of eS EAR and of sensory nerves. 


In the course of some observations in which nerves were cut in 
order to trace out their path by the degeneration method, I have had 
an opportunity of observing also some points regarding their distribu- 
tion. One of these experiments bears so directly upon the comparative 
distribution of a grey ramus and of the nerve to which it runs that I 
give an account of it here. 

In a cat, anzesthetised with ether, the dorsal cutaneous branches of 
the xmuth thoracic, the Imd lumbar and the rvth lumbar nerve on the 
left side were double ligatured with carbolized chromic catgut and cut 
through between the ligatures. The branches were cut about one 
centimetre from the point where the nerves emerge from the body 
muscles. The peripheral ends of the nerves: were stimulated, and the 
limits of the areas, in which a movement of hairs occurred, were marked _ 
by clipping the hairs. Between each two areas was a short region in 
_ which the hairs were unaffected, these of course were the regions 
influenced by the uncut dorsal cutaneous branches of the Ist and the 
IIrd lumbar nerves: The operation occupied from five to ten minutes, 
it was performed with antiseptic precautions, and the wound was 
covered with collodion dressing. The animal, from the time of its 
recovery from ether, appeared to feel no annoyance from the wound, 
which healed rapidly. It was kept three months, and at intervals the 
sensation in the affected region was tested by gently stroking the skin 
with a blunt point, by pulling single hairs, by hanging small clamps in — 
the hairs, or by pricking lightly with a needle.’ During the trials the 
animal was generally given milk, and responded to the stimulus by a 
twitch of the skin or by turning its head for a moment towards the 
side touched. Near the mid-line of the. back, no certain difference of 
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sensitiveness could be discovered in the successive regions. More 
laterally and bordering the line of the skin-cut, the small patches of 
skin opposite the cut nerves were for a time distinctly less sensitive 
than the rest, but there did not appear to be any insensitive spot; 
later, it was difficult to be certain of any difference in sensitiveness. 
The hair in the cut part and where it had been shaved for _ — 
re-grew without irregularity. 

So far then the experiment simply showed that, as described by 
Sherrington, the sensory fibres of successive spinal nerves overlap so 
much that each part of the skin is supplied by two nerves, whilst the 


post-ganglionic pilo-motor fibres of successive spinal nerves do not 


overlap to this extent. 

In view of this, the result of the conclusion of the experiment was 
unexpected. The animal was anesthetized, and the spinal nerves from 
the xith thoracic downwards stimulated in the spinal canal. Since the 
dorsal cutaneous branches of three of the spinal nerves had been cut, I 
had expected that there would be three small areas of the skin of the 
back in which no movement of hairs would be produced by stimulation 
of any nerve. We have seen that the x1ith thoracic nerve sends pilo- 
motor fibres to (at least) the 13th thoracic, and the first four lumbar 
sympathetic ganglia, and that the fibres from these ganglia run out in 
the dorsal cutaneous branches of the corresponding spinal nerves. 
Since, in this animal, the dorsal cutaneous branches of the ximth 
thoracic, the Imnd and the Ivth lumbar nerves were cut, stimulation 
of the xmith thoracic anterior nerve-roots should cause movement in 
the areas supplied by the Ist and 3rd lumbar ganglia; the central 
portion of the areas supplied by the 13th thoracic, the 1st and the 3rd 
lumbar ganglion being unaffected. In fact, however, stimulation of — 
the anterior roots of the x1ith thoracic nerve caused movement of 
hairs in a continuous strip of skin, the hairs in no part of the strip 
remaining quiescent. And a similar result was obtained with all the 
other nerves having pre-ganglionic pilo-motor fibres. 

There was a difference between the energy of movement of the hairs in 
the part of the strip near the mid-line and the more lateral part; in the 
lateral part the movement was weaker, and there were now and then slight 
indications of alternating regions of less and greater movement. 


The dorsal cutaneous branches had not re-grown, for the cut ends 
were found later on dissection. This was shown also by the effect of 
strong stimulation. The spinal nerves were stimulated with strong 


currents as far as possible peripherally of the posterior root ganglion, so 
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as to stimulate the post-ganglionic fibres cf the posterior primary 
division of the nerves, after having given nicotin so as to eliminate the 
effect of the pre-ganglionic fibres; this as we have seen gives the areas 
of distribution of the grey rami which run to the several nerves. It 
was found that the area of the 1st lumbar ramus followed on that 
of the 12th thoracic ramus; that the area of the 3rd lumbar followed 
on that of the 1st lumbar ramus; and that the area of the 5th lumbar 
ramus followed on that of the 3rd. 

The strongest stimulation of the 11nd and the Ivth himbes nerves 
was without effect,—this, it will be remembered, after injection of 
nicotin. Strong stimulation of the x1Ith thoracic nerve did however 
give some effect in a small region at the junction of the areas a the 
18th thoracic and Ist lumbar rami. - 

In this instance, then, the Ist, the 3rd, and the 5th lumbar grey 
rami had a skin distribution of the same extent as that which—judging 
from Sherrington’s experiments—the sensory fibres of the cor- 
responding spinal nerves have. Whether the areas supplied by these 
rami were larger than usual, in consequence of the section of the 
alternate rami, cannot be decisively answered without further experi- 
ments; but the fact that they were larger than usual affords strong 
support to my contention that the area of distribution of the post- 
ganglionic sympathetic fibres and that of the sensory fibres of any 
given spinal nerve are in the main the same, the varying extent to — 
which the nerve-fibres spread out in the skin being, from a broad point 
of view, of secondary importance only. 

I append a Table showing some other results of the experiment :— 


XIth Thoracic to [Vth 


XI li i — 

XII 122 — 1 — 8 

XIII 1— 8 — : 
To about level of anus. 
II Se— 6. 1 2 8 About 2 in. below anus. 
5 Whole of tail. 

IV 


ly 23 1 Whole of tail. 

vth lumbar nerve=0; 6th and 7th lumber rami have no pilo-motor 
fibres. 
Areas found by strong stimulation. 


Lumbo-sacral plexus, posterior A ; vith lumbar sends a branch to 
the obturator. 


A — is put for the nerves, the decid cutaneous branches of which | 
were cut, 
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THE PHYSIOLOGICAL ACTION OF QUINOLINE, ISO- 


QUINOLINE AND .SOME OF THEIR DERIVATIVES. 
By RALPH STOCKMAN, M.D., F.R.C.P.E. 


(From the College of Physicians’ Laboratory, Edinburgh.) 


In quinoline, isoquinoline, and certain of their immediate derivatives, 


- one has a number of isomeric alkaloids of nearly similar constitution, 


but having certain of their atoms or radicals differently placed in 
relation to each other. It occurred to me that it would be of interest 
to ascertain whether those slight differences in chemical constitution 
exert any appreciable influence on the physiological action of the 
bodies in question, ‘more especially as a number of complex alkaloids 
(such as quinine, cinchonine, strychnine, morphine) are thought to be 
derived from quinoline, while recently it has been proved that others 
(such as berberine, narcotine, papaverine and hydrastine) are derived 
from isoquinoline. 
Quinoline (C,H,N deg has the following constitution : 


6 Cc CH 


but for convenience it is often expressed thus; 


N 
2 
it being elinsioal that CH or C are attached at the unoccupied points 
of the rings. | 
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STOCKMAN. 


Isoquinoline is isomeric with it, the only aiteronce being that the 
atom of nitrogen occupies a different position. 


N 


The action of quinoline has often been investigated. It is a strong 
antiseptic and antipyretic, and depresses the central nervous system. I 
made comparative experiments with it and with isoquinoline on frogs 
and rabbits, and found that there was no appreciable difference in the 


action of the two bodies. That is to say, 24 milligrams of the tartrate of 


either alkaloid was sufficient to cause marked depression of the spinal 
cord in frogs, the animals recovering after some hours. Larger doses 
depressed both brain and cord, this being succeeded by very slight 
exaggeration of reflexes. The heart and motor nerves are only affected 


_by very large doses. 


In rabbits about 3 decigrams of either tartrate given subcutaneously 
slowed the respiration somewhat and produced usually a trifling fall of 
temperature; but 1 to 14 grams caused more or less collapse, marked 
depression of the nervous system, and a very great fall of temperature. 


The respiration was greatly slowed, and the heart markedly so. 


I could detect no difference, either qualitative or oe 
the actions of the two substances. — 


Quinoline methiodide 
N-OH,I 
and isoquinoline methiodide 
N-OH,I 


were also found to exactly resemble each other in physiological action. 
They are made by simply adding on iodide of methyl to the original 
molecule, and like all such addition products they retain essentially the 
same action as the alkaloids from which they are derived, but have a 
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much more paralysing action on the terminations of motor nerves’. In 
frogs 5 milligrams cause marked depression of the spinal cord followed 
by increased reflexes, larger doses have a more or less marked 
paralysing action on the terminations of motor nerves and this masks 
the other symptoms somewhat. In rabbits 3—5 decigrams cause death - 
from paralysis of motor nerves, but there is considerable general 
collapse and fall of temperature. 

I have. also examined the physiological action of quinaldine 


of lepidine (y-methylquinoline), 


_ of a-y-dimethylquinoline, 
oH, 
ee" 
N 
of orthotoluquinoline, 


and of paratoluquinoline, 


, 1 Stockman and Dott. Proc. Roy. Soc. Edin. 1889-90, and Brit. Med. Journ. 1. 
1891. 
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Tartrate of quinaldine has, on frogs and rabbits, an action similar to 
that of quinoline or isoquinoline, but it is somewhat less active. The 
dimethylquinoline is still less active, and therefore it would appear that 
the substitution of methyl radicals for hydrogen atoms in quinoline 
weakens its depressing action on the nervous system. 

With the other substances observations were made on frogs only, 
the sulphates, which are fine white crystalline salts, being used. Their 
actions seemed similar in every respect to that of quinaldine. 

It'is evident, therefore, that in the quinoline molecule, the position 
of the nitrogen atom, or of the radical methyl does not exert any 
appreciable influence on the physiological action of these substances, 
and further that the substitution of CH, for H only slightly alters its 
action, and that only in degree not in kind. It is improbable also that 
the derivation of a more complex alkaloid from quinoline or iso- 
quinoline respectively is in any way a factor which determines its 
action, seeing that these two substances have exactly similar actions. 
All the substances used were chemically pure. Some of them were 
kindly given me by Professor Perkin, of Manchester, some I made ~ 
myself, others were bought. | | 
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ON THE PROTEOLYTIC ACTION OF BROMELIN, 
THE FERMENT OF PINEAPPLE JUICE. By R. H. 


CHITTENDEN, PhD., Professor of Physiological Chemistry. 


(From the Sheffield Biological Laboratory of Yale University.) 


IN a previous paper’ the writer has reported the results of a preliminary 
study of the proteolytic action of pineapple juice, giving some account — 
of the conditions, especially with reference to temperature and reaction, 
which modify the proteid-dissolving power of the fluid, and also several 
methods for the partial isolation of the ferment. 

_The more important results there recorded may be briefly sum- 
matized as follows:—Fresh pineapple juice is strongly proteolytic, and 
its proteid-digesting power may be manifested, on some proteids at 
least, in a neutral acid, and even faintly alkaline reacting fluid, thus 
indicating that the ferment resembles trypsin rather than pepsin. With 
coagulated egg-albumin, the neutralized juice is most active, while 
with blood-fibrin, juice of the natural acidity is more active than the 
neutralized fluid. 

The products of digestion are apparently the same as those formed 
by trypsin, viz. : protapaes and true a, together with leucin and 
tyrosin. 

Neutralized pineapple juice exerts its maximum digestive power at 
about 60°C., but it is quite active at even 12°C. and 70° C. 

_ Associated with the proteolytic ferment is a milk-curdling or 

-rennet-like ferment, which can be separated from the fresh juice, 
together with the proteolytic ferment, by saturation of the fluid with 
ammonium sulphate. | 

The proteolytic ferment appears to be associated with a peculiar 


1 “On the Ferments contained in the juice of the pineapple (Ananassa mative), together 
with some observations on the composition and ere action of the juice.” Trans. 
Conn. Acad. Vol, vii. Dec, 1891. 
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proteose-like body, which is more or less completely separated from 
pineapple juice by saturation of the solution with sodium chloride, 
ammonium sulphate, and magnesium sulphate. 

These statements indicate in a general way the character of the 
results previously obtained where the fresh juice itself was more 
especially studied. In the present investigation the above preliminary 
work has been extended and particular attention paid to the nature of 
the isolated ferment and its action on the three typical proteids, 
blood-fibrin, egg-albumin, and myosin, with a — study of the 
resultant products. 


1. Nature of the Ferment. 
(From experiments made by Theodore S. Hart, B.A.) 


As is well known, the pineapple is an exceedingly juicy fruit, an 
average sized one frequently yielding nearly a litre of juice. The latter, 
when filtered, is a clear yellow fluid of strong acid reaction, the average 
acidity expressed in terms of HCl being equivalent to 0°45 per cent. 
Neutralization of the acid fluid fails to produce any precipitate 
whatever, thus showing the entire absence of acid-albumin. As 
previously stated, fresh pineapple juice filtered clear and of average 
acidity subjected to fractional heat-precipitation grows slightly turbid 
at about 60—62°C., the turbidity increasing gradually as the tempera- 
ture is raised until 75—78° C. is reached, when a small flocky 
precipitate results. The filtrate from this separation, on being further 
heated shows signs of turbidity at about 82° C., increasing with the 
rise in temperature, without, however, any distinct signs of flocking 
until the boiling point is reached. As the fluid commences to boil, but 
sometimes only after persistent boiling, a fine flocky precipitate 
separates which on filtration leaves a perfectly clear fluid. ~ With 
neutralized pineapple juice the initial turbidity makes its appearance 
at about 72—74°C., with separation of flocks at 82—83°C. The 
filtrate from this precipitate remains clear, even when the solution 
is boiled, but a drop or two of acetic acid added to the hot fluid 
produces a turbidity which on further heating eventually changes to 
a flocculent precipitate. Both of these heat-precipitates are more or 
less soluble in dilute acid (2°0 per cent. HCl) and in dilute alkali, 
especially with the aid of heat. 

While these observations favour the view that pineapple juice 


contains two distinct proteids precipitable by heat, the one at about — 
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75°C. in an acid solution or 82°C. in a neutral fluid, the other at 
100°C. in an acid fluid, it may be that these reactions are due to a 
single proteid incompletely precipitated at temperatures below the 
boiling point. As previously stated, the total amount of proteid matter 
in pineapple juice is comparatively small, and apparently the greater 
portion of it is separable from the acid juice by boiling. 100 cc. of 
filtered juice of natural acidity yields on an average about 0027 gram 
of proteid (dried at 110° C.), or less than 0025 per cent. by simply 
boiling the solution. 

-(NH,),S80, Precipitation :—As previously stated, saturation of pine- 
apple juice with ammonium sulphate results in a complete precipitation © 
of the contained proteids, together with the proteolytic and rennet-like 
ferments. The latter bodies are likewise completely precipitated, as 
is evident from the fact that the filtrate, after removal of the 
ammonium salt by dialysis, fails to show any proteolytic action on 
blood-fibrin, or any curdling action on milk. 

This ammonium sulphate precipitate, when thrown down from a 
neutral fluid, is readily soluble in water and after being washed with a 
saturated solution of ammonium sulphate, is best purified by dialyzing 
_ the aqueous solution in running water. When the dialysis has been 
continued until the ammonium salt is entirely removed, the solution 
usually becomes quite turbid; little if any precipitate can be filtered 
off, but the fluid has more or less of a milky appearance from the 
partial separation of the contained proteid. On simply warming the > 
solution, the turbidity disappears until at 70°C. the fluid again becomes 
turbid. This turbidity increases with the rise of temperature, but does 
not pass into a flocculent precipitate even on boiling, until a drop of 
acetic acid is added. In these heat-precipitations, however, the 
reaction usually changes to alkaline, which fact doubtless interferes 
somewhat with a distinct separation. It is very evident, however, that 
the proteid or proteids separated by ammonium sulphate and purified 
by dialysis are very incompletely precipitated from an aqueous solution 
by heat ; in fact, the greater the degree of purification the less complete 
appears the heat-precipitation. 

The turbidity of the above dialyzed solution is also cleared up by 
addition of a little salt solution, likewise by the addition of 02 per 
cent. hydrochloric acid and 0°5 per cent. sodium carbonate. | 

By evaporation at 40°C. of the filtered dialyzed solution of the am- 
monium sulphate precipitate, the ferment with its associated proteids 
can be obtained as a dry flaky residue, readily soluble in water. So 


17—2 


& 
é 
“2 
A 
> 
¥ 
¥ 
4 
‘ 
i 
{ 
& 
; 


252 | R. H. CHITTENDEN. 


prepared the ferment has a marked proteolytic action on blood-fibrin 
especially in a slightly acid (HCl) fluid, and a milk-curdling action in 
neutral solution. Made into a concentrated solution with a little water 


and then treated with a large excess of strong alcohol, the proteid 


matter with the associated ferments is completely precipitated. Even 
by three weeks contact, however, with strong alcohol, the proteids are 
not coagulated; ie. the precipitate is still soluble in water and the 
solution shows proteolytic action; a fact which certainly favours the 
view that the ferment, or the proteid associated with the ferment, is 
a proteose-like body rather than a true globulin, or an ordinary 
vegetable albumin. 

NaCl Precipitation :—Neutralized pineapple juice saturated with 
sodium chloride yields a distinct flocculent precipitate of proteid matter 
containing the greater portion of the proteolytic ferment, together with 
the milk-curdling ferment’. In preparing the ferment by this method, 
the NaCl precipitate is thoroughly washed with saturated salt-solution, 
then dissolved in a small amount of water, filtered from any insoluble 
residue and dialyzed in running water until the chloride is entirely 
removed. At the end of the dialysis, the fluid is generally quite turbid 
and frequently contains more or less sediment. Heat alone, or the 
addition of a little salt solution, partially removes this turbidity, but the 
fluid is completely cleared up only on the addition of 0°2 per cent. 
hydrochloric acid or 0°5 per cent. sodium carbonate. The addition of 
a single drop of dilute acid may produce a precipitate, but this at once 
disappears on the addition of a drop or two more of acid. 

The dialyzed solution gives good proteid reactions with Millon’s 
reagent, and with cupric sulphate and potassium hydroxide. Subjected 
to fractional heat-precipitation, the turbid neutral fluid clears greatly 
at about 40°C. with a reappearance of cloudiness at 70°C., but no flocks 
appear even when the solution is boiled. Boiling renders the solution 
strongly alkaline. Addition of a drop or two of acetic acid to the hot 
fluid and further boiling usually produces a light flocculent precipitate. 


By cooling the dialyzed solution of the sodium chloride precipitate — 


on ice the separation of insoluble matter can be somewhat increased. 
Under such conditions, the sediment (a), at the most very small in 


- amount, can be removed by filtration, while the more soluble matter 


1 When the salt used in saturating the pineapple juice contains much calcium, there 
may be in addition to the above considerable calcium citrate, etc. in the precipitate. — 
Again, with some samples of fruit there is considerable extraneous matter precipitated 
with the proteids on saturation of the neutralized juice with sodium chloride. 
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remains in the clear filtrate (b). The slight precipitate (a) thus — 
obtained is soluble in 5 per cent. salt solution, yielding a somewhat 
turbid fluid. The latter becomes quite turbid at 55° C. with formation 
of flocks at 70° C. The filtrate from this precipitate usually 
flocks again at 80° C. and also at 86° C., the solution becoming distinctly 
alkaline on boiling. Dilute acetic, hydrochloric or nitric acid added to 
the sodium chloride solution of the precipitate (a) produces a heavy 
turbidity, changing to flocks when the mixture is heated. The sodium 
chloride solution of this proteid curdles milk and shows proteolytic 
action, especially in neutral and faintly acid solutions. Subjected 
again to dialysis the proteid separates out, in part at least, and is still 
soluble in salt solution, dilute acid and alkali carbonate. Again 
separated from salt solution by dialysis, it still retains the above 
properties, excepting that it may no longer show proteolytic action 
either in neutral, acid or alkaline solutions, although it will still curdle 
milk. Such heat-precipitation as can be obtained by boiling the salt 
solution of the proteid is difficultly, if at all, soluble in dilute acid and 
alkali. When dissolved in salt solution, the proteid is precipitated, in 
part at least, by nitric acid, but the precipitate is insoluble on heating 
and in an excess of the acid. It is likewise precipitated by cupric 
sulphate and basic lead acetate. — 

The filtrate (6) containing the proteid or proteids more soluble in 
water, i.e. the bulk of the sodium chloride precipitate, shows pronounced 
proteolytic action on blood-fibrin in neutral solution, and likewise 
curdles milk. The aqueous solution, diluted with an equal volume of 
10 per cent. solution of sodium chloride, thus making a fluid comparable 
to the 5 per cent. salt-solution of the precipitate (a), grows turbid at 
55° C., followed by a flocculent precipitate at 85°C. This precipitate, 
like the one in (a), is only slowly, if at all, soluble in dilute acid and 
alkali. The greater portion of the more soluble proteid matter is 
apparently not precipitable by heat, or else very incompletely so, for it 
seems quite probable that such heat-precipitation as is obtained is due 
to the presence of the above globulin-like body, only a portion of which 
has been separated by dialysis. Addition of alcohol to the suitably 
concentrated solution of the more soluble proteids (6), precipitates all 
of the albuminous matter present together with the ferment. This 
precipitate, even after two to three weeks of contact with strong 
alcohol, is still soluble in water and preserves its proteolytic power ; 
hence, in the more soluble proteid we evidently have a true proteose- 
like body, rather than a globulin or albumin. 
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It is thus seen that the precipitate of proteids produced by saturat- 

- ing neutralized pineapple juice with sodium chloride may possibly be a 
mixture of at least two distinct proteids, one of which is in part at — 
least insoluble in water, but readily dissolved by a little salt solution, 
or by very dilute acid or alkali carbonate. This body is present only 


in very small amount and apparently when purified by repeated 
dialysis from all traces of the more soluble proteid is devoid of 
proteolytic power, but usually shows more or less curdling action on os 


milk. This proteid is evidently a globulin, or possibly a form of 
vegetable heteroproteose, only a portion of which is separable from the 
original sodium chloride precipitate by the above method of treatment. 
The main bulk of the proteolytic ferment is evidently associated with 
a more soluble proteid, which from its reactions resembles proto- d 
albumose. At the same time we have never been able to obtain this 
body entirely free from substances precipitable by heat. We may 
assume quite plausibly a mixture of protoalbumose and heteroalbumose, 
with a small amount of true globulin as composing the original sodium 
chloride precipitate. There is nothing antagonistic in the observed 
reactions to such an assumption, and it is well known that it is | 
_ extremely difficult to completely separate a small amount of hetero- a 
albumose from the related bodies, especially protoalbumose. If our | 
experience in the separation of these substances from pineapple juice . 
had been limited to one or two trials, doubtless we should be far more | 
pronounced in our statements. But frequent repetition, in an attempt | 
to acquire more positive knowledge, has resulted in so many slightly 
divergent results that we are loath to make a positive statement 
regarding the chemical nature of the proteid or proteids with which 
the proteolytic ferment is associated in the sodium chloride precipitate. 
We are indeed forced to the opinion that the proteids present in the 
juice of the ripe fruit are somewhat variable in their nature, their 
exact chemical character being dependent upon the age or ripeness of 
the fruit. At the same time, all physiologists who are at all familiar 
by practical experience with proteids are well aware that the ordinary 
lines of demarcation between the different groups of proteid bodies, 

_ especially in the vegetable kingdom, are in many cases very indistinct, 
and further that this indistinctness is rapidly growing more pronounced x 
as our knowledge increases. For example, a typical globulin has long 
been considered as a body insoluble in water, but soluble in solutions | 
of sodium chloride, yet recently Osborne? has called attention to the 


1 “Crystallized vegetable proteids.” Amer. Chem, Jour., Vol. x1v. p. 674. 
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fact that the crystallized globulin obtainable in large quantity from 
hemp-seed may be dissolved, when in a pure crystallized form, in 
distilled water to a considerable extent. Hence, on the basis of this 
reaction alone, it might be asserted that the above hemp-seed globulin 
is a mixture of a water-soluble proteose or albumin with an insoluble 
globulin, yet from other reactions we know that such is not the case. 
Again, it is questionable how far heat-precipitation at definite tempéra- 
tures can be trusted as an indication of individuality, or taken as a 
means of complete separation, especially with the vegetable proteids. 
Heat-precipitation is in many cases exceedingly slow and incomplete, 
and the same may be equally true of heat-coagulation. Thus, in the 
study of a crystallized vegetable globulin, at present being carried on 
in this laboratory, persistent boiling (30 minutes) of a 5 or 10 per cent. 
sodium chloride solution of the globulin results in a little over 50 per 
cent. of the body being precipitated as an insoluble coagulum. By 
dialysis of the filtrate from this coagulum, the remainder of the globulin 
however, separates in the characteristic crystalline form apparently un- 
altered, and on being dissolved in salt solution and again subjected to 
heat-precipitation the solution of the proteid grows turbid at the regular 
temperature, followed by a slow separation of another coagulum as the 


fluid is boiled. Consequently, on the basis of the results obtained by 


heat-coagulation in this case, one might well assume the above globulin 
to be a mixture of two distinct proteids, yet such is not the case if the 
results of analysis and general reactions are to be trusted. The globulin 
is simply incompletely coagulable by heat. Such observations as these, 
however, necessarily make one somewhat cautious about relying too 


_ implicitly on the indications gained by a study of the temperatures at 


which heat-precipitation occurs. 

The sodium chloride preparation of the ferment with the associated 
proteids may be obtained as a dry, scaly residue by evaporating the 
dialyzed solution of the NaCl precipitate, at 40°C. By this evapora- 
tion of the neutral aqueous solution of the ferment, the reaction of the 
fluid is not altered, but whenever the temperature is raised sufficiently 
high to lead to even incipient heat-precipitation the reaction of the 
fluid becomes distinctly alkaline, and at the same time the proteolytic 
power of the ferment is destroyed. The dry residue obtained by 
evaporation at 40° ©. is readily soluble in water and shows marked 
proteolytic action on blood-fibrin in neutral, acid and alkaline 


solutions. 


The amount of femme obtained by this method is not large. 


: 
i 
= 
4 
we 
‘ 
a 
| 
\ 
) 4 
‘ 
q 
4 


256 R. H. CHITTENDEN. 


Thus, in one experiment, ten pineapples of moderate size were crushed — 


and pressed, yielding 8600 c.c. of clear, filtered juice. This, after 
neutralization, was saturated with sodium chloride, the precipitate 
washed with saturated salt solution, dissolved in water and dialyzed 


until free from chloride. The filtered solution, on evaporation at 


40° C., left a residue weighing 2°34 grams; the yield of ferment from 
8°6 litres of fresh juice. It is somewhat suggestive that the amount of 
ferment obtainable by this method is exactly equal to the amount of 
proteid directly separable from pineapple juice by heat. Thus by heat 
alone, 1 litre of pineapple juice yielded 0°27 gram of dry proteid (dried 
at 110° C.) while the same volume of juice precipitated by salt, etc., 


likewise gave 0°27 gram of dry proteid (ferment) by evaporation of the 


dialyzed solution. In this connection it is to be noted that separation 
of the proteids from neutralized pineapple juice by heat is far more 
complete and characteristic than from aqueous solutions of the so-called 
isolated ferment. As has been already stated, the purified precipitates 
of the proteid or proteids associated with the ferment are very 
incompletely, or only slightly precipitated by heat. This difference 
we attribute, in part at least, to the modifying influence of the 
salts and other substances present in the juice which are naturally 
absent to a greater or less extent, from solutions of the isolated 
ferment. 
Saturation of neutralized pineapple juice with sodium chloride 
alone, either in neutral or acid solution, does not precipitate all of the 
contained proteid matter. The filtrate, on addition of ammonium 
sulphate in substance, yields a second precipitate composed in great 
part of albuminous matter. This is soluble in water, and on removal of 
the sulphate by dialysis usually yields a clear solution, which on 
evaporation at 40°C. gives a small, flaky residue. Occasionally, the 
solution after dialysis shows a slight separation of proteid as seen in the 
sodium chloride preparation. When this is the case, the turbidity is 
partially cleared up by heat and completely on addition of a little salt 
solution, or by 0°2 per cent. hydrochloric acid and 0°5 per cent. sodium 
carbonate. This residue shows the presence of proteid matter by both 
the biuret and Millon’s test, and when dissolved in water gives a slight 
precipitation by heat, increased by the addition of a drop or two of 
acetic acid. Treated with absolute alcohol, the proteids are precipitated 


‘and retain their solubility in water even after three weeks of contact with 


the strong alcohol. As a rule, this ammonium sulphate precipitate, 
when freed from the ammonium salt, shows some proteolytic action on 


N 

~ 


4 
=e 
ug 
fia 
3 
q 
{ 
rh 
_fipt 
> 
= 


PROTEOLYTIC ACTION OF BROMELIN. 257 


blood-fibrin in a weak acid solution, but as a rule, never any curdling 
action on milk. From these reactions it is evident that such proteids 
as are precipitated under the above conditions are simply traces of the 
same proteids as are contained in the sodium chloride precipitate and 
which have escaped precipitation by the latter reagent. The amount 
of this secondary precipitate is exceedingly variable; in some instances 
_ the quantity is fairly large, in others quite small and wholly devoid of 
proteolytic power. Taking the majority of the results, however, it 
would seem that the great bulk of the proteolytic ferment with the 
associated proteids is precipitated by sodium chloride alone, while the * 
_ milk-curdling ferment is almost always completely precipitated by this 
salt. This statement assumes that the proteolytic and rennet-like 
ferments are two distinct bodies. This view, in the writer's opinion, is 
justified by the various results obtained, although in the majority of 
cases the two ferments are usually associated in the same precipitate. 

MgSO, Precipitation :—Neutralized pineapple juice saturated with 
magnesium sulphate/yields a flocculent precipitate of proteid matter 
containing more or less of the proteolytic ferment. Dissolved in water 
and dialyzed until the magnesium salt is entirely removed a fairly 
clear solution is obtained, which on evaporation at 40°C. leaves a flaky 
residue of proteid matter. This shows proteolytic action, etc, and is 
apparently of much the same character as the ammoniuin sulphate 
precipitate, although less in amount than the precipitate produced by 
this salt, An aqueous solution of the dried residue (at 40°C.) grows 
distinctly turbid at 70°C., and in all other respects resembles the 
precipitate produced by ammonium sulphate. 

Any proteid matter not thrown down from the neutralized juice by 
magnesium sulphate can be precipitated by addition of sodium sulphate 
to saturation, the sodio-magnesium sulphate thus formed precipitating 
nearly all of the residual proteid matter. This precipitate has only a 
slight proteolytic action, but in its general chemical reactions does not 
differ markedly from the magnesium sulphate precipitate. 

It is thus evident, as previously stated, that saturation of neutralized 
pineapple juice with sodium chloride, magnesium sulphate, or ammo- 
nium sulphate results in a precipitation of the proteid matter present 
in the fluid; with ammonium sulphate, the separation of the proteids is 
complete, with sodium chloride less so, while with magnesium sulphate 
a smaller-portion only is precipitated. The sodium chloride precipitate, 
however, contains by far the largest proportion of ferment, or in other 
words, a smaller proportion of admixed, inactive proteid. This is 
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shown by the following experiment which gives the relative proteolytic 
action of the three precipitates, produced by saturation of neutralized — 
pineapple juice with the respective salts, after their purification by 
dialysis and evaporation of the resultant solutions to dryness at 40°C. - 
Proteolytic action was determined by ascertaining the amount of 
coagulated egg-albumin dissolved in a given time by a given weight of 
the ferment. Each digestive mixture contained 10 grams of the moist 
coagulated egg-albumin, 0°05 gram of the ferment and 100c.c. of water ad 
the mixtures being warmed at 40°C. for six hours, The 10 grams of 
albumin coagulum contained 27184 grams of dry proteid (dried at 


110°C). 
_ Weight of undissolved Albumin 
Ferment albumin digested 
NaCl preparation 15810 grams’ 27°6 per cent. 
MgSO, ,, ,, | 
(NH,),SO, ,, 19149 ,, 


While these figures show well the. relative proteolytic activity of 
the three preparations, they do not give an adequate idea of their true 

proteolytic power. Coagulated egg-albumin is far more resistant tothe 
action of the ferment than either blood-fibrin, or the proteids of muscle cas 
tissue. The two latter proteids are not only much more quickly 
attacked by the ferment, but a far greater amount is dissolved and 
converted into proteoses and peptone. 

A sodium chloride preparation of the ferment, made as described 
above, is the strongest we have thus far been able to obtain. Appar- 

-ently, however, all of these methods of separation produce some 

deterioration of the ferment ; i.e. the activity of the isolated ferment is ' 
not equal to the proteolytic strength of, ,the volume of pineapple juice 
from which the ferment is extracted. © This loss’ of powér we have not 
been able to locate; in fact, it may be more apparent than real, the _ : | 
greater proteolytic strength of the natural juice being possibly due to — ) 
the beneficial or stimulating effect of the — and other substances 
present in the fluid. 

In view of the fact that pineapple juice contains proteids other than ? 
those with which the ferment is associated, it seemed possible that long 
continued warming of the fresh juice at 40°C. would result in, at least, 
a partial peptonization of the proteids, and consequently in a purer and 
stronger preparation of the ferment by either of the above methods of 


1 After drying at 110°C, 
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precipitation. But, to our surprise, it was found that the natural 
proteids of the juice are exceedingly resistant to the proteolytic action 


of the ferment, so that even after several hours warming of the juice at 
- 40°C., heat-precipitation occurs at the regular temperatures and there 


is no indication of an appreciable diminution of precipitable proteids by 
either ammonium sulphate or sodium chloride. — 
We are well aware that none of the above preparations of the 


ferment are to be considered as pure. In fact, they are undoubtedly 


far from being so, but we have not been able, by any method of 
procedure as yet tried, to obtain any quantity of a preparation purer 
(judging from the relative proteolytic action) than the above described 
sodium chloride preparation. We have therefore subjected this body 
to a partial analysis with a view to ascertaining something regarding its 
chemical composition. 

For this purpose, a sufficient amount of the NaCl precipitate was 
prepared and after purification by the method already described and 
evaporation of the resultant solution to dryness at 40°C., it was finally 
dried at 110°C. until of constant weight. Analysis by the usual 
methods gave the following results :— 


NaCl Preparation of Bromelin.. 


I. 0°3684 gram substance gave 0°1930 gram H,O= 5°73 per cent. H 
and 0°6208 gram CO, = 45-95 per cent. C. 
II. 0:5571 gram substance gave 0-2889 gram H,O=5-76 per cent. H 
and 0:9370 gram CO, = 45°86 per cent. C. 
III. 03576 gram gave 28-0 cc. N at 43°C. and 746-1 mm. 
: pressure = 9°50 per cent, N. 
IV. 0°4090 gram substance gave 31°7 c.c. N at 45°C. and 749-1 mm. 
pressure = 9°44 per cent, N. | 
V. 0°4523 gram substance gave 0-0429 gram ash = 9:48 per cent. 


Percentage composition of the ash-free substance. 


Average 

C 50-76 50°67 50°71 

H 6°33 6-36 6-34 

N 10°49 10°43 10°46 

| 100-00 


The en percentage of ash in this preparation obviously detracts 
somewhat from the value of the above analysis, but it is plain from the 
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results that the substance is especially characterized by a very low 
content of nitrogen. The content of carbon is not far removed from 
that of many vegetable proteids, but the nitrogen is exceedingly low 
and is strongly suggestive of the probable admixture of some non- 
nitrogenous body, if it is assumed that the ferment is proteid in its 
nature, or is associated with a proteid substance. At the same time, 
pure trypsin as prepared by Kiihne contained only 12°5—13°4 per cent. 
of nitrogen, an amount much smaller than is usually found in a true 
proteid body’. The ash in the above preparation was composed mainly 
of calcium sulphate, with some calcium phosphate and a little ferric 
oxide. In view of the large percentage of ash, or mineral matter, 
associated with this preparation of the ferment, it becomes necessary to 
consider its influence on the general reactions of the body. Thus, for 
example, the apparent solubility of the ferment preparation in water 
may be due to the adherent calcium salts, although obviously we cannot 
speak with certainty on this point. However this may be, it is evident 
that the proteid body associated with the proteolytic ferment holds on 
to the above salts most tenaciously, for when once in contact with them 
no ordinary method of ‘treatment, such as long-continued dialysis or 
repeated precipitation, is adequate to effect a complete or even partial 
separation. 

Taking all of the above observations at their apparent value, it is 
plain that the proteolytic ferment of pineapple juice is associated with 
a proteid body more or less completely precipitable from a neutral 
solution by saturation with ammonium sulphate, sodium chloride and 
magnesium sulphate. This body is soluble in water and consequently 
is not precipitated by dialysis. It is further not coagulated by long 
contact with strong alcohol and its aqueous solution is very incompletely 
precipitated by heat. It resembles somewhat Martin’s B-phytalbumose 
in the juice of the papaw, but apparently is not as easily or as 
completely precipitated by heat as that body. Placing it in line with 
the known forms of albuminous bodies, it is not far removed from 
protoalbumose or heteroalbumose, differing, however, from the latter in 
that it is soluble in water without the addition of sodium chloride. At 
the same time, in its behaviour towards nitric acid and heat and in some 
other ways it does not show the typical proteose reactions. In com- 
position, it is especially characterized by a low content of nitrogen. | 

Associated with this proteid in pineapple juice is a body more 

1 The Chemical: Basis of the Animal Body, p. 55, 1898. By A. Sheridan Lea. Com- 
pare also O. Loew. Pfliger’s Archiv fiir Physiologie, Bd. xxvn. p. 204. 
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closely related to true heteroproteose or to a genuine globulin; a body 
less soluble in water, especially when cold, requiring for its complete 
solution the presence of salt and consequently separating, in part at 
least, on dialysis. This body is more completely precipitable by heat 
than its neighbour and is apparently present in much smaller quantity. 
Its separation from the more soluble albumose is exceedingly incomplete 
and it is liable to show more or less proteolytic power. Possibly this 
latter body is the particular proteid with which the rennet-like ferment 
is associated. 
_ Proteolytic action of the ferment wnder varying conditions. 


As already stated, fresh pineapple juice is strongly proteolytic in a 
neutral, acid and even alkaline reacting fluid. There are, however, 
many modifying circumstances that need to be considered in attempting 
a demonstration of the above statement. Thus, the character of the 
proteid used is an important element in modifying the rate of proteolytic 
action of the ferment. On blood-fibrin, either fresh or soaked for a 
long time in alcohol, juice of the natural acidity acts more energetically 
than the neutralized fluid, while on coagulated egg-albumin and on 
the proteids of muscle tissue the neutralized fluid shows the greatest 
proteolytic power. Blood-fibrin, which has been thoroughly hardened 
by long boiling with water, is very resistant to the action of both acid 
and neutralized pineapple juice. Addition of dilute hydrochloric acid 
(0°2 per cent. HCl) in small amount to neutralized pineapple juice, or 
to juice of natural acidity, checks, but does not entirely inhibit proteo- 
lytic action. Further, sodium carbonate can be added to neutralized . 
pineapple juice in small amount (0°1 per cent.) without greatly checking 
the proteolytic power of the fluid on coagulated egg-albumin. As — 
might be expected, however, the isolated ferment is far more sensitive 
to acid and alkaline fluids than pineapple juice, since in the latter fluid 
the large amount of salts and other substances present exert a protective 
influence which is wholly, or in great part, wanting in the case of the 
purer ferment solutions. Further, the ferment itself, especially in its 
action on blood-fibrin, is directly influenced by the presence of neutral 
alkali salts, the latter contributing greatly to the — action of 
the ferment in a neutral fluid. 


yf 


- The blood-fibrin used in these experiments was a thoroughly washed 


A 
5 
<a 
2 
* 
og 
ad 


262, CHITTENDEN. 


preparation which had been soaked for a long time in strong alcohol. 
Comparative tests were made using like amounts of the isolated ferment 
(scale form) with equal weights of fibrin and equal volumes of fluid 
containing the designated percentages of acid. The mixtures were 
warmed at 40°C. for a stated time and the rate of digestive action 
measured by simply observing the extent of disintegration and solution — 


of the fibrin, aided by application of the biuret test to the filtrates of 


the respective mixtures. 

As a result of the many trials made it may be stated that, as a 
rule, an aqueous solution of the NaCl preparation of the ferment has 
only a slight and in some cases no proteolytic action on blood-fibrin, if 
the solution be perfectly neutral and free from soluble alkali salts. 
The presence of very small amounts of hydrochloric acid, however, 
brings out at once the proteolytic power of the ferment, even 0°012 per 
cent. HCl being sufficient for this purpose. The rate of digestive 
action increases with the further addition of hydrochloric acid up to 
0°025 per cent. Beyond this point it is not materially affected by the 
further addition of acid until the mixture contains 0°05 per cent. HCl, 
after which proteolytic action rapidly declines and in the presence of 
0°1 and 0:2 per cent. HCl is practically nil. 

With a MgSO, or (NH,).SO, preparation of the ferment, where 
there is a somewhat larger proportion of inert proteid matter, maximum 
proteolytic action is reached in the presence of 0°05 per cent. HCl, 
beyond which point it quickly declines. | 
- Towards organic acids, the isolated ferment is far less sensitive. 
Thus with acetic acid, both the NaCl and (NH,),SO, preparation of 
the ferment show little proteolytic action on blood-fibrin until 0°25 per 
cent, of the acid is present. ‘When this degree of acidity is reached 
digestive action is very marked and continues good even in the presence 
of 1-0 per cent. of the acid. 

With citric acid, proteolytic action in the case of the NaCl prepa- 
ration commences in the presence of 0°03 per cent. of the acid and 
remains strong in the presence of 0°12 per cent. Beyond this degree of 
acidity, digestive action diminishes and the presence of 1:0 per cent. 
practically checks all proteolytic action. With the less pure (NH,),SO, 
preparation, maximum digestive action is seen in the presence of 
0°5—1°5 per cent. of citric acid. 

With tartaric acid, slight proteolytic action is manifested in the 
presence of 0°06 per cent. of the acid, but maximum digestive action 
occurs when the mixture contains from 0°15 to 1:0 per cent. of the acid. 
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With oxalic acid, strong digestive action in the case of the NaCl 
preparation is seen only in the presence of 0°12—0°25 per cent. of the 
acid. The presence of 1:0 per cent. of oxalic acid practically checks all 
proteolytic action. With the (N'H,),SO, preparation of the ferment, 
maximum digestive action occurs in the presence of 0°25—0°5 per cent. 
of oxalic acid. 

From these results it is seen that while becca; in @ neutral 
solution, free from salts, has little or no digestive action on blood-fibrin, 
its proteolytic power is called forth by the presence of small amounts of 
acid, the exact percentage of acidity required to bring out maximum 
proteolytic action being dependent upon the character of the acid. 
Thus with a strong mineral acid, as hydrochloric acid, digestive action 
is most pronounced on blood-fibrin in the presence of 0°025—0°05 per 
cent., while with the weaker organic acids, as tartaric acid, proteolytic — 
action is vigorous even in the presence of 10 per cent. All of the 
organic acids tested afford a good medium for digestion, and differ from 
each other only in the strength required for bringing out the — 
activity of the ferment. 


B. Action of the proteolytic ferment on egg-albumin in ‘the Presence 
of acids and alkali carbonate. 


On coagulated egg-albumin, as already stated, the isolated ferment 
appears to be most active in a neutral fluid; a simple aqueous solution 
of the ferment, free from salts, giving the best results with this form of 
proteid matter. In the presence of small amounts of hydrochloric acid, 
(0°012—0°025 per cent. HCl), however, there may be more or less 
_ proteolytic action, and, likewise, in the presence of small amounts of 
sodium carbonate (0°025 per cent. Na,CO,). Indeed, in several experi- 
ments, with different forms of the isolated ferment, proteolytic action 
- seemed more marked in the presence of traces of hydrochloric acid and 
of sodium carbonate than in a perfectly neutral solution, but the 
majority of our results show that a neutral solution of bromelin gives 
the best proteolytic action on coagulated egg-albumin. Probably the 
calcium salts-which adhere so tenaciously to the ferment together with 
a possible lack of complete neutralization are the cause of these some- 
what variable results. 

Organic acids, likewise inhibit the action of the ferment on coagu- 
lated egg-albumin. The ferment is active in the presence of varying 
amounts of these acids, but not to the same extent as in a neutral 
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solution. Thus, in one experiment in the presence of 0°1 per cent. 
citric acid, only 12°5 per cent. of the coagulated albumin was dissolved 
while the same amount of ferment dissolved in water alone, otherwise 
under exactly the same conditions, digested 30°9 per cent. of the 
coagulated proteid. | 

With raw egg-albumin, somewhat different results were obtained. 
The albumin made use of in these experiments was prepared according 
to the method of Schiitz' ; 300c.c. of undiluted white of egg were freed 

from globulin by the addition of 4'2cc. of HCl Sp. Gr. 1°12, filtered 
after standing some time and then carefully neutralized. The amount 
of albumin contained in a given volume of the so-prepared‘solution was 
ascertained by taking 10cc., diluting with water and heating the 
solution until the albumin was completely separated. The coagulum 
was then collected on a weighed filter, washed with hot water and 
eventually dried at 110°C. until of constant weight. ; 

With so-prepared fluid egg-albumin the following quantitative 
results were obtained: Each digestive mixture contained 10c.c. of the 
prepared albumin solution, 0°05 gram of bromelin (NaCl preparation) 
and 90c.c. of water, with an amount of acid or alkali carbonate to make 
the indicated percentages. The mixtures were warmed at 40°C. for 16 
hours, a few drops of an alcoholic solution of thymol being added to 
each solution. The 10 c.c. of albumin solution contained 0°8862 gram 


of albumin. 
Reaction Undigested albumin? Albumin digested 
Neutral 0°7383 gram 16°6 per cent. 
0-012 per cent. HCl 0:7330 ,, 73, 
06920 219 
0050 ,, Na,CO, 08783 ,, 


From these results we draw the conclusion that bromelin acts best 
on liquid egg-albumin in the presence of very small amounts of 
hydrochloric acid, mthough its digestive action is quite pronounced in a 
neutral solution. 

Organic acids, however, do not have the same effect as hydrochloric 
acid. This is plainly shown by the following experiments: Each 
digestive mixture contained 15c.c, of the prepared albumin solution, 


1 Zeitschrift fiir physiologische Chemie, Bd. rx. p. 581. 

2 Determined by heating the mixtures to boiling, carefully neutralizing and collecting 
the coagulated albumin on weighed filter papers. The precipitates were then thoroughly 
washed with hot water and finally dried at 110°C. until of constant weight. _ 
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0°05 gram of ferment and 90c.c. of water with the necessary amounts of 
acid to give the designated percentages. The mixtures were warmed 
at 40°C. for 20 hours. The 15c.c. of albumin solution contained 1°0033 
grams of dry albumin. 


Reaction Undigested albumin Albumin digested 
Neutral 06471 gram 35:5 per cent. 
0-25 per cent. Tartaric acid 0°7687 ,, 233i, 
050 0-8361 _,, 166 ,, 
0-10 ,, Oxalic acid 08123 ,, 190 ,, 
010 Citric acid 08158 ,, 186 
“030 08419 ,, iT 


It is thus evident that of the organic acids tested, tartaric acid has. 
the least inhibitory effect, but even in the presence of this acid proteo- 
lytic action does not approach that of the neutral solution. 


Influence of neutral alkali-salts on the proteolytic action of the 
ferment. 


As previously stated, neutralized pineapple juice shows distinct 
proteolytic action on blood-fibrin, although the action is not as marked 
as in the presence of small amounts: of dilute acid. It was found, 
however, that a neutral solution of the isolated ferment frequently — 
does not exhibit any proteolytic action on blood-fibrin, or at the best 
shows only slight and incomplete digestive power. In looking about 
for a reasonable explanation of this apparent confliction, it was found 
that the difference in digestive action between the neutralized juice 
and a neutral solution of the ferment lies in the presence of neutral 
alkali salts in the one case and their absence in the other. Thus, an 
- aqueous solution of bromelin, showing practically no proteolytic action 
on blood-fibrin, is quickly made active by the presence of a small 
amount of sodium chloride. In the presence of this and other similar 
alkali salts the ferment quickly disintegrates and dissolves the proteid, 
forming proteoses and true peptone. As is well known, fresh blood- 
fibrin is somewhat soluble in dilute and stronger salt solutions, but this 
solubility is something quite different from the solvent and digestive 
action of bromelin; a 10 per cent. solution of sodium chloride, for 
example, will cause blocdtbeia to swell up and in time will dissolve a 
fairly large proportion of the proteid matter, but this reaction in no- 
wise explains the ready disintegration and fairly rapid solution of fresh 

PH. XV. 18 
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blood-fibrin in a neutral solution of bromelin containing, say 1 per cent. 
of sodium chloride. 

Thus, fresh fibrin may be soaked for comparatively long periods of 
time in various salt solutions without any very appreciable change, but 
as soon as the ferment is added, disintegration of the proteid immedi- 
ately sets in. Even boiled fibrin is slowly disintegrated and dissolved 
by the ferment in the presence of 10 per cent. sodium chloride. The 
same result, only more marked, is obtained when blood-fibrin which has - 
been soaked for a long time in alcohol is treated with a neutral solution 
of bromelin in the presence of 1—3 per cent. of sodium chloride. Here, 
naturally, the proteids of the fibrin are sufficiently coagulated to resist 
the ordinary solvent power of the neutral salt, but the latter aids 
decidedly the proteolytic power of the ferment, and the fibrin is slowly 
disintegrated and dissolved. 

The salts most active in promoting the digestion of blood-fibrin by 
a neutral solution of bromelin are sodium chloride, sodium sulphate and 
ammonium sulphate, although ammonium chloride and magnesium 
sulphate are, likewise, useful. 

With sodium chloride, sodium sulphate and ammonium chloride, the 
activity of the ferment is manifested in the presence of 1—10 per cent. 
of the salts, When present in larger amounts, the above salts retard 
the proteolytic action of the ferment and in the presence of 20 per cent. 
of these salts the ferment is no more active than in a simple aqueous 
solution. With ammonium sulphate and magnesium sulphate, the best 
results follow in the presence of 1—5 per cent. of the salts. Larger 
amounts check the action of the ferment. Practically, to promote the 
digestion of blood-fibrin by a neutral solution of bromelin, it is best to 
use sodium chloride in quantities ranging from 1 to 3 per cent. Even 
then the rate of proteolytic action is not equal to that of a slightly acid 
solution of the ferment. 

The above salts have no noticeable effect on the Sicealion of blood- 
fibrin by an acid solution of bromelin, except when present in large 
amounts, when they check the proteolytic action of the ferment. 

On the digestion of coagulated egg-albumin by bromelin in a neutral 
solution, the above salts are without any apparent effect, except to 
check digestion when present in too large quantity. 


Influence of temperature on the proteolytic action of the ferment. 


Experiments previously made with neutralized pineapple juice 
indicated that the temperature best adapted for its solvent action on 
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coagulated egg-albumin lay between 50°-60°C., and that even at 70°C. 
ferment action was very pronounced. With the isolated ferment, we 
find that proteolytic action on all kinds of proteid matter, in both 
neutral and acid solution, is most vigorous in the neighbourhood of 
60°C. 

The following series of experiments with a very weak preparation of 
the ferment shows results in conformity with this statement. Each 
digestive mixture contained 10 grams of coagulated egg-albumin 0:05 
gram of a somewhat inactive specimen of the ferment and 100cc. of — 
distilled water. The mixtures were warmed at the respective tempera- 
tures for 5 hours, when the undissolved albumin was collected, washed 
and weighed. The 10 grams of coagulated atoumin contained 2°1036 
grams of dry proteid. 


Temperature Undissolved albumin Albumin digested — 
40°C. 1-9394 grams | 7°8 per cent. 
50 18636 __,, 
55 1522. ,, 
60 18391 125 
70 S34 


Owing to the weakness of this specimen of the ferment, digestion 2 
was not very pronounced at any of these temperatures, but it is to be 
noticed that the largest amount of albumin was dissolved at 60°C., 
although even at 70°C. more proteid was digested than at 40°C. 
Evidently, a temperature approximating to 55—60° C. is best adapted for 
the proteolytic action of the ferment. 

Results of essentially the same order were shisined 3 in the digestion 
of blood-fibrin, both in a slightly acid (HCl) solution of the ferment and 
in a neutral solution in the presence of sodium chloride. 


2. Products formed in the Digestion of Blood-fibrin with Bromelin. 
(From experiments made by Theodore C. Janeway, Ph.B.) 

As already stated, bromelin digests blood-fibrin vigorously in the 
presence of 0°025 per cent. hydrochloric acid, and nearly as well in 
a neutral fluid provided sodium chloride is present to the extent of 1 to 
5 per cent. The isolated ferment does not show much digestive action 
on fibrin in the presence of sodium carbonate, neither does it digest 
boiled fibrin very rapidly. Under favourable circumstances the amount 
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of ferment required to digest a large amount of blood-fibrin is very 
small. Thus in one experiment, 300 grams of moist fibrin, pressed as 
_ dry as possible, were completely dissolved by 0°25 gram of the ferment, 
in the presence of 2500 c.c. of 0°025 per cent. HCl, in 5 hours at 40°C. 

The digestive action of bromelin on blood-fibrin is marked by a 
distinct eating into and disintegration of the proteid, especially notice- 
able in a slightly acid solution, but likewise pronounced in a neutral 
fluid, thus showing a resemblance to the action of trypsin. Moreover, 
the products of digestive action, especially the final products, resemble 
those formed by trypsin; leucin and tyrosin being particularly promi- 
nent at the end of a vigorous digestion, both in a neutral and acid 
fluid. 


Acid-Bromelin 


The ‘oteneni characteristics of the products formed in an acid-bromelin 
digestion of blood-fibrin, together with the methods of separation, are 
indicated by the following statement outlining the results of a single 
digestion experiment. 300 grams of moist, thoroughly pressed blood- 
fibrin’ were warmed at 40°C. with 2500 cc. of 0°025 per cent. 
hydrochloric acid and 0°25 gram bromelin (NaCl preparation) for 5 
hours, At the end of this time the fibrin was entirely dissolved save a 
small flocculent residue which was apparently composed of some 
alteration product. The acid fluid, after filtration from the above flocky 
residue, was neutralized with dilute sodium carbonate, giving a small — 
neutralization precipitate. The neutralized fluid, on being boiled for a 
short time, yielded quite a heavy precipitate or coagulum, which, 
however, was readily soluble in warm 0°2 per cent. hydrochloric acid and 
in warm 0°5 per cent. sodium carbonate, thus indicating that it was not 
an ordinary coagulated proteid. Freed from this heat-precipitate, the 
neutral fluid was concentrated to a small volume on the water-bath and 
precipitated while hot with a large excess of warm 95. per cent. alcohol. 
From the alcoholic filtrate, leucin and tyrosin were separated in con- 
siderable quantity by evaporation of the alcoholic solution and after 
purification by recrystallization, ete., were thoroughly identified by their 
orystalline form, and by their reactions with Piria’s, Hoffmann’s and 
Scherer’s tests. 

The alcohol precipitate, composed of proteoses and peptone, was 

1 The fibrin, from sheep’s blood, was prepared by thorough washing with water, then 


soaked in alcohol for some weeks, and again washed in water until the alcohol was entirely 
removed. 
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extracted repeatedly with hot alcohol for the more complete removal of 


leucin and tyrosin, after which it was dissolved in water and the _ 


proteoses and peptone separated by saturating the solution with 
ammonium sulphate. This was accomplished by adding the ammonium 
salt in substance to the solution acidified with acetic acid, and keeping 
the mixture at the boiling point for some time in order to bring about 
as complete a separation of the proteoses as possible. The gummy 
precipitate of proteoses ‘was then dissolved in water, the solution 
acidified with acetic acid and again saturated while boiling hot with 
ammonium sulphate, after which the precipitate was repeatedly washed 
with a saturated solution of the ammonium salt. In this manner it was 
hoped to remove from the proteoses = greater portion of the adherent 
peptone. 

The two ammonium stahinicsiaiiankahiine. containing the pep- 
tone, were then concentrated somewhat and the excess of ammonium salt 
allowed to crystallize out. The filtrate was next dialyzed in running 
water, putrefaction being prevented by the addition of thymol, until the 
sulphate was entirely removed. The solution, which had obviously lost 
considerable peptone by diffusion, was then concentrated to a syrup and 
the peptone precipitated by strong alcohol. 

The ammonium sulphate precipitate of proteoses, after being 
thoroughly washed with a saturated solution of ammonium sulphate, 
was next dissolved in a small volume of water and the individual 
proteoses separated by the usual methods. The solution was made 
perfectly neutral, filtered from any insoluble heteroproteose or other 
matter, and then saturated with sodium chloride. This produced a 
more or less gummy precipitate of protoproteose with some little hetero- 
proteose. The precipitate was filtered off, washed thoroughly with a 
saturated solution of sodium chloride, and then dissolved in water and 
dialyzed until the chloride was completely removed. The solution was 
next filtered from any separation of heteroproteose, concentrated to a 
small volume, and the protoproteose precipitated with alcohol. 

On adding a little acetic acid to the original salt-saturated filtrate 
from the above precipitate of protoproteose a heavy gummy precipitate 
resulted, presumably a mixture of proto and deuteroproteose. This was 
filtered off, washed thoroughly with a saturated solution of sodium 
chloride containing a trace of acetic acid, then dissolved in water, the 
solution neutralized, and dialyzed in running water until the salt was 
entirely removed. The neutral fluid was then concentrated to a small 
volume and the mixed proteoses precipitated with alcohol. 
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The filtrate from the above acetic acid precipitate obviously contained 
nothing but deuteroproteose. In order to separate this advantageously 
from the salt-saturated solution, the latter was dialyzed until the greater 
portion of the salt was removed, after which the deuteroproteose was 
precipitated by saturating the solution with ammonium sulphate. The 
gummy precipitate resulting was washed with saturated ammonium 
sulphate-solution, then dissolved in water, the fluid carefully neutralized 
and dialyzed in running water until the sulphate was entirely removed. 
The fiuid was next evaporated to a syrup and the deuteroproteose 
precipitated by alcohol. | 

From this description it is plain that in the digestion of blood-fibrin ~ 
with bromelin, in the presence of a trace of hydrochloric acid, bodies 
resembling the ordinary products of proteolytic action are formed. 
Variations in the relative proportion of fibrin and ferment and the 
volume of acid fluid, together with variations in the length of time the 
mixtures are warmed at 40°C., naturally lead to corresponding variations 
in the relative proportions of the several digestive products. Quite 
noticeable, however, in the acid-bromelin digestion of fibrin is the | 
peculiar heat-precipitate of a heteroproteose-like body, produced ‘on 
boiling the neutralized digestive fluid. In fact, in the above digestion 
of 300 grams of moist fibrin, nearly 14 grams of this purified product 
were obtained. It is also to be noticed that when this heat-precipitate : 
is so pronounced there is usually very little neutralization precipitate ; 
and, on the other hand, when the neutralization precipitate is heavy, the 
heat-precipitation is slight. Evidently, there is a close relationship 
between these two bodies. Further, in some cases the peculiar character 
| of the neutralization precipitate is to be noted, as it may consist almost 
\q entirely of a heteroproteose-like body instead of acid-albumin. In other 

3 words, heteroproteose or a closely related body is frequently present in 
such amount as to separate in considerable quantity at this point when 
the acid fluid is neutralized, eventually taking on a gummy form and 
dissolving not only in dilute acid and alkali carbonate, but also in salt 
solution (10 per cent.). 

In a second digestion experiment of this same order, 230 grams of 
moist fibrin which had been soaked for a long time in alcohol were 
warmed at 40°C. for 17 hours with 03 gram of bromelin and 2°5 litres 
of 0°025 per cent. HCl. Here, obviously the yield of the secondary 
proteose and true peptone was considerably greater than in the preceding 
digestion, but the same products were observed, only differing in their : 
‘proportion. As products, then, of the digestive action of bromelinon 
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blood-fibrin in a slightly acid fluid, we have: (1) an insoluble antial- 
bumid-like residue; (2) a neutralization precipitate ; (3) a peculiar 
heat-precipitate of a heteroproteose-like body; (4) protoproteose; 
(5) deuteroproteose; (6) peptone; (7) leucin and tyrosin. 

We have already outlined the general method pursued in the 
_ separation of these bodies, and we will now consider more in detail the 
methods pursued together with the reactions and composition of the 
isolated substances. 


A. Insoluble residue. 


As already stated, in the digestion of blood-fibrin with a slightly 
acid solution of bromelin there appears a flocculent residue insoluble 
in 0°025 per cent. HCl. This may be filtered off and on re-digestion, 
with a fresh solution of bromelin in 0°025 per cent. HCl, is not materially 
diminished in amount, provided, of course, the previous digestion has 
been sufficiently vigorous to convert all of the digestible proteid into 
soluble products. Otherwise, any adherent, unaltered fibrin or globulins 
will be digested by this second treatment with fresh ferment, and thus 
apparently diminish the amount of non-digestible residue. Under 
suitable conditions, then, this undissolved residue is incapable of being 
converted into soluble products by the further action of the ferment in 
an acid solution. On being filtered off and washed with water, it is 
found soluble in 0°5 per cent. sodium carbonate, yielding on filtration a 
somewhat turbid fluid, from which the substance can be reprecipitated 
by addition of dilute hydrochloric acid in slight excess. Treated again 
with 0°5 per cent. sodium carbonate it passes into solution and remains 
dissolved on exact neutralization of the fluid with weak hydrochloric acid. 
By dialysis of this solution until all traces of chloride are removed the | 
above proteid is separated into two portions; one soluble in water and 
_ the other insoluble in the neutral fluid free from salt. 

On washing the precipitated portion with alcohol and ether it may 
be obtained as a grayish-white powder. So prepared it is insoluble in 
water and salt solutions, but dissolves readily in 0°5 per cent. sodium 
carbonate, especially on warming the fluid. -In 0°2 per cent. hydro- 
chloric acid it is only slightly soluble. Dissolved in an alkaline solution 
it is reprecipitated by neutralization, but is not entirely, if at all, 
dissolved by an excess of the acid; evidently, then, it is not transformed 
into alkali-albuminate when Rissilved 3 in the alkaline fluid. Suspended 
in water and the fluid heated to boiling the body retains its solubility in 
0°5 per cent. sodium carbonate, hence it cannot be a pone It 
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shows the ordinary proteid reaction with Millon’s reagent and gives 
a violet colour with potassium nyaroxsee and dilute solution of — 
sulphate. 

From an alkaline solution it is precipitated by addition of nitric acid, 
but is not redissolved by an excess of the si and is only slightly 
soluble on heating the acid fluid. 

From these reactions it would appear that this portion of the above 
non-digestible residue is an antialbumid-like body, corresponding to the — 
body formed by pepsin-hydrochloric acid under similar circumstances. 

Dried at 110°C. until of constant weight it shows on analysis the 
following results : 


I, 0°4000 gram substance gave 0°2492 gram H,O = 6°92 per cent. H 
and 0°7478 gram CO, = 50°98 per cent. C. 
II. 0:3582 gram substance gave 0:2208 gram H,O=6°85 per cent. H 
and 0°6717 gram CO, = 51:13 per cent. C. 
III. 0°3920 gram wibstance gave 51°8 c.c. N at 22:0° C. and 173-9 mm. 
pressure = 16:01 per cent. N. 
IV. 0:3990 gram substance gave 0:0079 gram ash = 1°98 per cent. — 


Percentage composition of the ash-free substance. 


Average 
52-00 5216 52:08 
H 6°84 6-99 
N 16°33 16°33 
100-00 


By evaporation of the neutral dialyzed solution, containing the 
soluble portion of the original non-digestible residue, to a thick syrup 
and precipitation with alcohol the substance is separated in a somewhat 
gummy form readily convertible into a powder by successive treatment 
with alcohol and ether. So prepared it is soluble in water, and gives 

the ordinary proteid reactions with Millon’s and the Xanthoproteic 
test. With potassium hydroxide and dilute cupric sulphate it gives a 
violet colour. From an aqueous solution it is not precipitated by nitric 
acid until a little salt solution is added, but with acetic acid and 
potassium ferrocyanide it yields a light flocculent precipitate. It is 
evidently a proteose-like body, presumably precipitated with the anti- 
albumid owing to the formation of an acid compound, aided doubtless 
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by the salts present in the fibrin. In any event, it is quite different in 
its nature from the associated antialbumid and is present my in small 
amount. 

Dried at 110°C. until of constant weight it gave on analysis the 
following results, which point to a relationship in composition with the 
neutralization precipitate about to be described. 

Portion of the non-digestible residue soluble in water. 
I. 0:3701 gram substance gave 0:2123 gram H,O = 6:37 per cent. H 
and 0:6689 gram CO, = 49-28 per cent. C. 
II. 03241 gram substance gave 43°6 c.c. N at 21-6°C. and 760-0 mm. | 
pressure = 16°02 per cent, N. 
TTI. 0:4044 gram substance gave 00131 gram ash = 3-24 per cent. 


Percentage composition of the ash-free substance. 


Average 
50-93 50-93 
H 6°58 6°58 
N 16°55 16:55 
25-94 
100°00 


Comparison of the composition of these two bodies with that of 
blood-fibrin shows that the above described soluble proteid differs quite 
widely from the other two, especially in its content of carbon. The 
antialbumid-like body, however, differs only slightly from the original 
fibrin in composition, and fails to show the higher percentage of carbon 
usually found in an antialbumid. 

Fibrin according Antialbumid-like 


to Hammarsten body Soluble body 
C 52°68 52°08 50°93 
H 6°83 6°91 6°58 
N 16°91 16°33 16°55 
8 1:10 
} 24-68 25-94 


It is thus evident that the insoluble matter found at the end of a 
vigorous and complete digestion of blood-fibrin with an acid solution 
of bromelin is composed of an antialbumid-like body, with which may 
be associated a more soluble proteose, presumably thrown down as an 
insoluble acid compound which from the presence of possible adherent 
salts, or from some other cause, resists the further digestive action of the 
ferment. 
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B. Neutralization precipitate. 


The amount and character of the so-called neutralization precipitate 
formed in the acid fluid resulting from the digestion of blood-fibrin 
with bromelin in the presence of 0°025 per cent. HCl, is dependent 

upon the extent and thoroughness of the digestion. Thus, in two 
_ distinct experiments, where the digestions were very vigorous, the 
neutralization precipitates obtained on cautious addition of dilute sodium 
carbonate quickly took on a gummy character, and after standing for 
some hours settled out on the bottom of the beakers as a thin layer of 
gum, having all the appearance of heteroproteose as it appears on the 
walls of a parchment dialyzer tube after the salt has been removed by 
dialysis. This separation of a gummy neutralization precipitate occurs 
even when the solution is quite dilute and is not due apparently to the 
- concentration of the fluid. The gummy character of the precipitate 
still persists, even after purification by solution in dilute sodium 
carbonate and reprecipitation by neutralization. So treated, the preci- 
pitate is exceedingly sensitive to the least excess of either acid or alkali, 
quickly dissolving when the neutral point is passed. This neutralization 
precipitate is likewise completely soluble in 10 per cent. solution of 
sodium chloride, thus clearly showing that it is not a precipitate of 
acid-albumin. Further, on dialyzing the salt solution, the proteid again 
appears as a gummy precipitate resembling heteroproteose, as already 
stated. Dissolved in salt solution it is readily precipitated by even 0°2 
per cent. hydrochloric acid. It is likewise precipitated by nitric acid and 
the precipitate so formed is almost entirely soluble in excess of the acid, 
especially on warming, and on cooling the solution the precipitate 
reappears, thus testifying to its proteose character. Cupric sulphate 
produces a heavy precipitate, while potassium hydroxide with dilute 
cupric sulphate gives a violet colour. This body was not obtained, in 
the form of a neutralization precipitate, in sufficient amount for analysis, 
but it is evident from its reactions that it is a form of heteroproteose, 
precipitated at this point because of insufficient sodium chloride to hold 
it in solution after removal of the dilute hydrochloric acid. 

More generally, the above neutralization precipitate shows the 
reactions of a dysproteose, i.e. a coagulated heteroproteose. Thus, in one 
digestion of blood-fibrin with an acid solution (0°025 per cent. HCl) of 
bromelin the bulky neutralization precipitate, after thorough washing 
with water, alcohol and ether appeared as a white powder soluble on 
warming in 0°5 per cent. sodium carbonate and less readily in 0°2 per 
cent. hydrochloric acid. From these solutions it was reprecipitated by 


Sit | 
3 | 
| 
it | 
tt} 
| 
4 gee 
| 
t= 
ay 
4 
| 
| 
¥ 
| 
| 
ij 
| 
2 
| 
ta 1 
| 
| 
a Pia 
iti 
3 
ij 
ee 
ij 
a 
: 
4 


PROTEOLYTIC ACTION OF BROMELIN. 275 


neutralization, but on boiling the neutral fluid with the suspended 
precipitate for some time the latter remained soluble in 0°5 per cent. 
sodium carbonate, thus showing that it was not composed of ordinary | 
acid-albumin or globulin, coagulable by heat. Unlike the preceding 
neutralization precipitate, however, it was almost wholly insoluble in a 
10 per cent. solution of sodium chloride, and hence could not consist of 
unaltered heteroproteose. Dissolved in 0°5 per cent. sodium carbonate 
it yielded a heavy precipitate with nitric acid which dissolved somewhat 

on the application of heat, reappearing as the fluid cooled. | 

Evidently then, in the digestion of blood-fibrin with an acid solution — 
of bromelin, heteroproteose is a characteristic primary product; but, after 
precipitation by neutralization of the slightly acid digestive fluid, it is 
prone to change into a more insoluble dysproteose-like body in which 
form it is generally found. In this state it differs from an ordinary 
neutralization precipitate in that it is not converted into coagulated 
proteid by being heated at 100°C. in a neutral fluid, as is shown by 
retention of its solubility in dilute sodium carbonate. 

Occasionally, however, there may be a greater or less admixture of 
acid-albumin or globulin present, as indicated by the lack of complete 
solubility in dilute alkali carbonate after subjection to the action of 
boiling water. 

Two distinct preparations of this neutralization precipitate, dried at 
110°C. until of constant weight, were analyzed with the following results : 


Neutralization Precipitate, 1. 


I. 04103 gram substance gave 0:2605 gram H,O = 7-05 per cent. H 
and 0-7766 gram CO, = 51°37 per cent. C. 
II. 04134 gram gave 0:2550 gram H.O = 6°85 per cont, H 
and 0°7755 gram CO, = 51°16 per cent. C. 
III. 0°3568 gram substance gave 48°7 c.c. N at 19°4°C, and 7617 mm. 
pressure = 16°27 per cent, N. 
IV. 0-4213 gram substance gave 57:4 c.c. N at 19-6°C. and 764°3 mm. 
pressure = 16°26 per cent. N. 


V. 0°5442 gram substance gave 0-0015 gram ash = 0:27 per cent. 
Percentage composition of the ash-free substance. 

Average - 
C 51:50 51-30 51-40 
H 7:06 6°86 «696 
N 16:30 16-29 16°29 
8 
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I, 0:3005 gram substance gave 0°1813 gram H,O=6-70 per cent. H 
and 0:5689 gram CO, = 51°62 per cent. C. | 
II. 0°2725 gram substance gave 0°1625 gram H,O = 6°63 per cent, H 
and 0°5112 gram OO, = 51°15 per cent. C. 
III. 0°4797 gram substance gave 64°55 c.c. N at 19°25°C. and 759°7 mm. 
pressure = 16°13 per cent. N. 
IV. 0°5385 gram substance gave 72°36 c.c. N at 22°5°C. and 767-0 mm. 
pressure = 16°21 per cent. N. 
0°6324 gram substance gave 0-0037 am ash = 0-58 per cent. 


Percentage composition of the ash-free eubstance. 


51-92 51°45 — 51°68 


H 6-73 6-67 oe 6-70 
= 16-22... 1630 16:26 


From these two analyses, which show fairly close agreement, it is 
seen that the above neutralization precipitate contains a somewhat 
lower percentage of carbon than the original blood-fibrin. The nitrogen, 
too, is correspondingly lower. 


Heat-precipitate. 


As stated in a preceding paragraph, the neutralized italien fluid 
_ freed from both the non-digestible residue of antialbumid and from the 
neutralization precipitate, gives on heating a heavy precipitate or 
coagulum. When first observed, this heat-precipitate was thought to 
be a separation of coagulated globulin such as is frequently seen in the 
initial stage of digestion when fresh unboiled fibrin is treated with an 
active trypsin solution, or when raw fibrin is warmed with a weak 
pepsin-acid mixture. But it is to be remembered that the blood-fibrin 
used in the above bromelin digestions had been soaked for some time in 
alcohol, presumably sufficiently long to bring about a more or less 
complete coagulation of the proteid. However this may be, the above 
heat-precipitate is not composed of an ordinary coagulated globulin, 
since it is completely soluble in both 0°2 per cent. hydrochloric acid and 
in 05 per cent. sodium carbonate, especially when heated. 
Dissolved in dilute acid or alkali carbonate it is reprecipitated by. 
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neutralization, and is then exceedingly sensitive to the least excess of 
either acid or alkali, quickly dissolving as the fluid passes beyond the 
neutral point. Treated with nitric acid, a solution of this substance 
gives a heavy precipitate which is somewhat soluble on heating and 
reappears as the fluid cools. With cupric sulphate and potassium 
hydroxide it gives a reddish violet colour. | | 
The amount of this peculiar substance is exceedingly variable, being 
apparently dependent upon the extent of the preceding neutralization 
precipitate. If the latter is large in amount, the heat-precipitate is 
usually small in quantity. On the other hand, if the neutralization 
precipitate is small in amount then the heat-precipitate is more volu- 
minous. In other words, it is our opinion that the bulk of the 
neutralization precipitate and the above heat-precipitate are essentially 
the same. Bromelin, contrasted with the animal proteolytic ferments, 
is comparatively weak, and in its initial action gives rise to a large 
amount of a primary proteose not far removed from the mother proteid. 
_ This proteose is a body closely related to, if not identical with, the 
heteroproteose so frequently studied in previous digestion experiments 
with ferments of animal origin. Being present in large amount in 
these bromelin digestions it is partially precipitated by neutralization, 
and is thus detected either as heteroproteose or as the more insoluble 
dysproteose in the neutralization precipitate. The amount thrown 
down by so-called neutralization will depend in part upon the exactness 
of the neutralization and in part upon the amount of salt present in the 
fluid, which in turn is dependent upon the amount of acid to be 
neutralized. Under any circumstances, precipitation of this hetero- 
proteose by neutralization is not complete; consequently when the 
neutralized fluid is heated to boiling more or less of the remaining 
substance is precipitated as coagulated heteroproteose, easily distin- 
guished from coagulated globulin by its ready solubility in both 
dilute acid and alkali carbonate. Obviously, there is not a great deal of 
difference between such a heteroproteose as is here described and the 
: globulin resulting from a weak trypsin digestion of raw fibrin. In our 
opinion, however, the difference in solubility of the above heat-pre- 
cipitate in dilute acid and alkali is sufficient to indicate a slight change, 

preliminary to a further transformation into more pronounced proteoses. 
In fact, the body might be described as a heteroproteose-like globulin, 
or as globulin-like heteroproteose. 

A sample of this heat-precipitate washed thoroughly with hot water, 
alcohol and ether and finally dried at 110°C. until of constant weight 
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gave on analysis the following results, which indicate a composition not 
far removed from that of the mother proteid. 


Heat-precipitate, after neutralization. 
I. 0°4349 gram substance gave 0:2730 gram H,O = 6:97 ad cent, H 
: and 0°8218 gram CO, = 52°15 per cent. C. 
II. 0°3551 gram substance gave 0°2181 gram H,O = 6°82 per cent. H 
and 0°6770 gram CO, = 51:99 per cent. C. 
III. 0°5408 gram substance gave 75:3 c.c. N at 22°3° 0. and 762-0 mm. 
pressure = 16°62 per cent. N. 
TV. 0-6009 gram substance gave c.c. N at 23°3°C. and 763:1 mm. 
pressure = 16°63 per cent. N. 
V. 0:5165 gram substance gave 00010 gram 0°19 per cent. 
VI. 0°6817 gram substance gave 0°0012 gram ash = 0°17 per cent. 


_ Percentage composition of the ash-free substance, 


Average 

H 6-99 6°83 — — 6°91 

N 16°65 16°66 16°65 
8 

100-00 


D. Soluble proteoses and peptone. 

On evaporating the filtrate from the above described neutralization 
_ and heat-precipitates, a syrupy fluid remains which, as already stated, 
contains soluble proteoses and peptone together with leucin and tyrosin. 
The essential steps in the process of separating these bodies have 
already been outlined, but they may be again stated here more in 
detail in order to avoid any misunderstanding as to the methods used. — 
The syrupy residue while still warm was treated with a large excess of 
hot 95 per cent. alcohol, whereby the proteoses and peptone were 
precipitated. The alcoholic solution containing the leucin and tyrosin 
with some peptone was evaporated to the point of crystallization, and 
the leucin and tyrosin separating were purified by repeated crystalliza- 
tions from alcohol and water. The alcohol precipitate of proteoses and 
peptone was dissolved in a small amount of water, concentrated to a 
thick syrup and again precipitated with hot alcohol. The more or less 
- gummy precipitate was then repeatedly boiled with fresh 95 per cent. 

alcohol for the more complete removal of any adherent leucin and 
tyrosin. 
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_ The peptone and proteoses were next separated by the ammonium 
sulphate method ; i.e. the alcohol precipitate was dissolved in water, the 
fluid acidified slightly with acetic acid and saturated while hot with 
ammonium sulphate, the mixture being kept at the boiling point for 
some time to effect as complete a separation as possible. The resultant 
gummy precipitate of proteoses was then redissolved in water and again 
separated by treatment with ammonium sulphate, and the precipitate 
washed repeatedly with hot saturated ammonium sulphate solution. 
The filtrates from the above proteose precipitates, containing all of the 
peptone present, were treated according to the method to be described 
later, under the head of peptone. | 

For the separation of the individual proteoses, the gummy pre- 
cipitate produced by saturation with ammonium sulphate was dissolved 
in a small amount of water, the solution made exactly neutral? to test 
papers by addition of a little sodium carbonate, and the clear neutral 
fluid saturated with sodium chloride. There resulted a heavy flocculent 
precipitate composed mostly of protoproteose with some little hetero- 
proteose. This was filtered off and washed thoroughly with a saturated 
solution of salt. 


E. Protoproteose. 


The above sodium chloride precipitate was dissolved in water, then 
dialyzed* in running water until the solution was entirely free from 
chloride. When this was accomplished there was usually a slight 
precipitate of gummy heteroproteose adhering to the walls of the 
parchment dialyzer tube. This was removed by filtration and the 
neutral, salt-free solution concentrated to a syrup and precipitated with _ 
hot 95 per cent. alcohol. The protoproteose thus precipitated was 
boiled repeatedly with dilute alcohol (80—90 per cent.), then treated 
with absolute alcohol and ether. So prepared, it is a white powder 
readily soluble in water, yielding a slightly turbid fluid; the turbidity 
being doubtless due to a trace of adherent heteroproteose which, as is 
well known, almost invariably resists complete removal from the related 
proteoses, 

1 On neutralization of the acid fluid at this point, a precipitate may form which 
appears to be heteroproteose, or its alteration product dysproteose. The appearance of 
this precipitate is apparently dependent upon the completeness of the previous separation 


of the body, either by neutralization of the acid digestive mixture or by the heating of the . | 
neutralized fluid. This point will be further discussed under the head of heteroproteose. 


2 In dialyzing these solutions, ee 
an alcoholic solution of thymol. | 
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An aqueous solution of this protoproteose gives the following re- 
actions, all of which testify to its proteose character. 

A drop or two of concentrated nitric acid produces a white pre- 
cipitate, which dissolves on warming and reappears on cooling the fluid. 
An excess of concentrated nitric acid dissolves the first formed precipi-. 
tate to a clear yellow solution. Addition of 20 per cent. salt solution 
followed by a drop or two of dilute nitric acid gives a heavy white pre- 
cipitate, readily dissolved by heat and reappearing as the solution cools. 

Cupric sulphate produces a heavy precipitate insoluble in excess 
and only slightly soluble on application of heat. 

Mercuric chloride gives a precipitate insoluble in excess, and ail 
cally insoluble on heating the mixture. 

Neutral and basic lead acetate both produce heavy precipitates, 
soluble on application of heat and reappearing on cooling, and slightly 
_ soluble in excess of the lead salts in the cold. 

Acetic acid alone gives no precipitate, but potassium ferrocyanide 
added to the acid fluid produces a flocculent precipitate soluble on 
heating and reappearing as the solution cools. 

Tannic acid gives a heavy white precipitate somewhat soluble on 
heating, the soluble matter again appearing as the fluid cools. 

Picric acid likewise yields a precipitate, almost completely soluble 
on heating and reappearing as the mixture cools. 

_ Phospho-tungstie acid gives a heavy white precipitate somewhat 
soluble on the application of heat. 

Platinic chloride added in excess yields a yellowish coloured pre- 
cipitate. 

Potassio-mercuric iodide gives a precipitate somewhat soluble on 
application of heat. 

Phospho-molybdic acid yields a precipitate partially soluble on 
heating and reappearing as the fluid cools. The precipitate is-insoluble 
in an excess of the precipitant in the cold. 

With potassium hydroxide and cupric sulphate, a reddish violet 
colour is obtained, while with Millon’s reagent and heat the ordinary 
red precipitate results. 

Boiling with potassium hydroxide and lead acetate gives only a 
slight darkening of the fluid for sulphur. 

As is characteristic of protoproteoses in general, an aqueous solution 
of the substance is only partially reprecipitated by saturation with 
sodium chloride; addition of a few drops of acetic acid, however, to the 
salt-saturated solution throws down the remainder of the body. 
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From these reactions it is-plain that protoproteose as formed in the 
bromelin digestion of blood-fibrin is essentially akin to the ordinary 
form of this substance as found in pepsin-acid digestions of the same 
proteid, the only noticeable difference in reactions being that the pro- 
teose formed by pepsin yields precipitates with the metallic salts more 
soluble in excess of the precipitants. 

Dried at 110°C. until of constant weight, the substance gave on 
analysis the following results, which coincide with what is usually found 
in the case of primary proteoses, viz.: a somewhat lower content of 
carbon than is present in the mother proteid. 


Protoproteose, NaCl precipitate. 


I. 0°3981 gram substance gave 0:2348 gram H,O = 6-55 per cent. H 
and 0°7419 gram CO, = 50-82 per cent. C. 
II. 0:3294 gram substance gave 01988 gram H,O = 6°70 Nae cent, H 
and 0°6149 gram CO, = 50°90 per cent. C. 
III. 0:3576 gram substance gave 49°5 c.c. N at 19°5°C. 762-9 mm. 
pressure = 16°49 per cent. N. 
IV. 0°3512 gram substance gave 49:1 c.c. N. at 19-0°C. and 760-5 mm. 
pressure = 16°59 per cent. N. 
V. 0°5496 gram substance gave 0:0110 gram ash = 2°00 per cent. 


Percentage composition of the ash-free substance. 


Average 

H 6°68 6°83 675 

N 16°82 16°92 16°87 
8 

100-00 


_ Heteroproteose and Dysproteose. 

As is well known, heteroproteose is a well characterized primary 
product of digestion, insoluble in pure water, but readily soluble in salt 
solutions and exceedingly prone to change into an insoluble modification 
known as dysproteose. As already stated, in a weak bromelin digestion 
this body is apparently formed in considerable quantity, and owing to 
the above peculiarities is exceedingly liable to appear at various places 
in the examination of a solution containing the products of bromelin 
digestion. Thus, as already pointed out, the neutralization precipitate 
and the above described heat-precipitate are both composed, in part at 

PH, XV. 
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least, of this proteose and its alteration product. We have also found, 
as might be expected, that a certain amount of this body is, likewise, 
liable to be present in the precipitate of proteoses produced by saturation 
of the neutralized and concentrated digestive mixture with ammonium 
sulphate. To be sure, the amount present in the above precipitate is 
dependent in great part upon the completeness of the preceding separa- 
tions, but from the very nature of the conditions it is plain that some 
must escape precipitation by both neutralization and boiling of the 
neutral fluid. 

When the ammonium sulphate precipitate of proteoses is dissolved 
in water there is sufficient adherent acetic acid present to render the 
solution distinctly acid and the entire precipitate usually dissolves 
completely. But when the fluid is neutralized with sodium carbonate 
preparatory to precipitation of the primary proteoses by saturation with 
sodium chloride, a precipitate usually forms readily soluble in either 
excess of acid or alkali. This consists of a portion of the heteroproteose 
apparently altered either into dysproteose or into a related body. The 
precipitate is evidently not acid-albumin, since the body composing it 
has already been exposed to neutralization and to a long-continued 
evaporation at 100°C. in a neutral fluid. Further, when now heated for 
some time, suspended in water, it is not transformed into coagulated 
proteid, since it preserves its solubility in warm dilute acid and alkali. 
It cannot consist, however, of unaltered heteroproteose, as it is almost 
entirely insoluble in salt solution. Evidently, it is a transformation 
product of heteroproteose, presumably so changed by long exposure to 
the action of boiling saturated ammonium sulphate-solution. 

Precipitated in this manner by neutralization of the slightly acid 
solution of the mixed proteoses, it may be obtained after thorough 
washing with water, alcohol and ether as.a perfectly dry powder, 
insoluble in water and sodium chloride solutions, but readily dissolved 
by dilute acid and alkali carbonate. Dissolved in either of these fluids 
it yields a heavy precipitate with strong nitric acid, which consistently 
with its proteose nature redissolves completely as the mixture is warmed 
and reappears as the solution cools. : 

It would thus appear that heteroproteose as formed in an acid- 

bromelin digestion of blood-fibrin is especially characterized by the ease 
with which it undergoes transformation into a body insoluble in sodium 
chloride solutions. How great a transformation this involves of course 
cannot be stated; presumably, however, the change resembles that — 
which syntonin and myosin undergo on long contact with water for 
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example, or the gradual change in solubility towards dilute sodium 
chloride which vegetable myosin shows on long contact with saturated 
salt solution. 

Dried at 110°C. until of constant weight it shows on — the 
following 


Insoluble Heteroproteose. 


I. 0:2791 gram substance gave 0:1712 gram H,O=6°81 per cent. H 
and 0°5179 gram CO, = 50°60 per cent. C. 
II. 03105 gram substance gave 0°1878 gram H,O=6 72 per cent, H 
and 0°5737 gram CO, = 50-41 per cent. C. 
ITI. 0°3362 gram substance gave 46-4 c.c. N at 23°5°C, and 771°0 mm. 
pressure = 16°65 per cent. N. 
IV. 0:3101 gram substance gave 0:0028 gram ash = 0-90 per cent. 


Average 
C 5106 50-86 50-96 
H 6°87 6-78 bai 6-82 
N 1680 16-80 
100-00 


The analysis shows this body to contain a considerably lower 
percentage of carbon than the original fibrin, and even lower than the 
original neutralization precipitate. From the methods of separation 
and the attendant results it is evident that the body just described is 
far more probably an alteration product of a pure heteroproteose than 
the previously described neutralization ‘and heat-precipitates. At the 
same time, such reactions as can be e use of serve to show, as 
already recorded, that both of these latter preparations are certainly not 
ordinary neutralization precipitates or heat coagula, but approach far 
more closely to our ordinary conception of a hetero body. Between 
heteroproteose and an ordinary globulin there are not many sharp points 
of distinction, but such as can be applied plainly indicate the hetero or 
_dysproteose character of all three of these preparations. Possibly they 
represent successive or different stages in the transformation of the 
globulins of blood-fibrin into hetero or protoproteose. Certainly there 
must be some good reason for the noticeable variation in composition of 
these three distinct preparations or products. Evidently, however, the 
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body just described as dysproteose must, prior to its final isolation, have 
existed in the digestive mixture and in the first’ proteose el scnbes as 
a genuine heteroproteose. — 


G. NaCl+CH, COOH Precipitate of Proteoses. 


As already stated, protoproteose is not completely precipitated from 
neutral solutions by saturation with sodium chloride; there invariably 
remains in the fluid a certain residue of this body precipitable by salt 
only in the presence of acetic acid. When, however, deuteroproteose is 
present, the acetic acid. precipitate produced in a saturated salt solution. 
contains in addition to protoproteose some deuteroproteose. But this 
method of treatment, while it yields a mixed precipitate, is necessary 
for the complete removal of the proto body, in order to pave the way 
for the separation of pure deuteroproteose. 

Accordingly, the salt-saturated filtrate from the first NaCl precipitate — 
of protoproteose was treated with a little acetic acid, by which a more 
or less gummy precipitate of proteoses resulted. This precipitate, 
though recognized as a mixture of proto and deuteroproteose, was 
purified and studied. The ordinary method of purification consisted in 
dissolving the precipitate in a small volume of water, neutralizing the 
adherent acetic acid with sodium carbonate, and then dialyzing the © 
neutral fluid until the diffusible salts were entirely removed. The fluid 
was then concentrated to a syrup and the proteoses precipitated with 
alcohol. These were washéd thoroughly with alcohol and ether, and 
- were finally obtained as a dry powder: readily . soluble in water. The 
reactions of this mixed precipitate were such as would naturally be 
expected from a solution containing the two proteoses. All of the 
reactions of protoproteose previously described, were obtained, slightly 
modified, however, by the presence of deuteroproteose. For example, 
solubility in water was more pronounced and many of the precipitates 
obtained with the various metallic salts and with some of the acids 
were more soluble on the application of heat than was seen with pure 
protoproteose. Further, the reaction with potassium hydroxide and 
cupric sulphate gave a far more pronounced red colour than proto- 
proteose alone will give. 

A portion dried at 110°C. until of constant weight yielded on 
analysis the following results, which indicate that the above acetic acid 
precipitate is composed mainly of protoproteose with only a small 
amount of deuteroproteose. 
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Acetic acid precipitate; Mixtwre of Protoproteose and Deuteroproteose. 
I. 0°5623 gram substance gave 0:3290 gram H,O=6-50 per cent. H 
_ and 10475 gram CO, = 50°80 per cent. O. 
If. 0°4145 gram substance gave 0:2435 gram H,O=6:57 per cent. H 
and 0°7728 gram CO, = 50°84 per cent. C. | 
III. 05337 gram substance gave 75:1 c.c. N at 21°3° C, and 768°5 mm. 
pressure = 16°92 per cent, N. 
IV. 05160 gram substance gave 72°6 c.c. N at 20°8° O, and 765°5 mm. 
pressure = 16°84 per cent. N. 


V. 0°8365 gram substance gave 0°0141 gram ash = 1:68 per cent. 

Percentage composition of the ash-free substance. : 

Average 

C 51°64 51-70 51°67 
H 6°61 6°68 6°64 
N 17-20 17°12 17°16 

100-00 


H. Deuteroproteose. 

The filtrate from the above sodium chloride and acetic acid precipi- 
tate contains only deuteroproteose, now completely freed from the 
primary proteoses. The deutero body, however, cannot be directly 
separated from the salt-saturated solution to advantage. The best 
method of treatment is to neutralize the fluid exactly with sodium 
carbonate and then dialyze in running water until the greater portion of 
the sodium chloride is removed. The solution is then evaporated to a 
small volume and saturated,. while hot,. with ammonium sulphate, by 
- which the deuteroproteose i is "separated as a gummy precipitate. It is 
then washed repeatedly with a saturated solution of ammonium sulphate, 
after which it is dissolved in water and dialyzed until entirely free from 
sulphate. On concentration of the dialyzed fluid to a syrup, and 
precipitation with alcohol, the proteose is finally obtained as a gummy 
mass which by continued treatment with alcohol and ether can be 
partially dehydrated and eventually converted by careful drying into a 
yellowish white powder. 

So prepared it is very soluble in water, yielding a clear yellow 
solution, which gives no precipitate whatever with nitric acid, unless 
the fluid is saturated with salt, when a slight turbidity is produced 
which disappears on heating and reappears as the solution cools. 
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_ Acetic acid and potassium ferrocyanide, likewise, give no precipitate, 
and both neutral and basic lead acetate produce only a slight turbidity. 

Picric acid also fails to produce a precipitate. 

On the other hand, platinic chloride, cupric sulphate, potassio- 
mercuric chloride and tannic acid all produce precipitates readily dis- 
solved by heat and reappearing as the fluids cool. 

_ Potassium hydroxide and dilute cupric sulphate give an exceedingly | 
fall biuret reaction. 

Phospho-tungstic and phospho-molybdic acids both produce precipi- 
tates, the former, in an acid solution, being somewhat soluble on the 
application of heat. 

_ Millon’s reagent and. heat. gives the ordinary red precipitate, 
characteristic of most proteid bodies, 

In reactions, therefore, deuteroproteose as formed by bromelin 
digestion differs markedly from protoproteose, and agrees more or less 
closely with the reactions usually ascribed to deuteroproteoses in general. 
Further, analysis of the product dried at 110°C. shows the usual falling 
off in the percentage of carbon characteristic of most — 
hitherto analyzed. 


I. 0°4282 gram substance gave 0-2394 gram H,0 = 6-20 per cent. H (1) 
and 0°7604 gram CO, = 48°42 per cent. C. 

ITI. 0°4418 gram substance gave 0°2585 gram H,O = 6:50 per cent. H 
and 0°7889 gram CO, = 48°69 per cent. C. 

III. 0°4271 gram substance gave 58°6 o.c. N at 18°3° C. and 755°1 mm. 
pressure = 16°23 per cent. N. 

IV. 0°4696 gram substance gave 63°95 c.c. N at 20°3° C. and 759-3 mm. 
pressure = 16°20 per cent. N. : 

V. 0:4060 gram substance gave 0-0097 gram ash = 2-38 per cent, 


Percentage composition of the ash-free substance. 


Average 
C 49°60 49°87 49-73 
6°65 
16°62 16°57 16°59 


100-00 


I. Peptone. 
In all digestions of blood-fibrin with an acid solution of bromelin 
there is a large production of peptone. Indeed, judging from such 
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results as have been obtained in the several digestions carried out, there 
is relatively a much larger quantity of. true peptone formed by the 
action of bromelin in an acid solution than by pepsin-hydrochloric acid. 
In other words, the proteoses first formed are more quickly converted 
into true peptone, thus indicating in another way the relationship in 
action between bromelin and trypsin. As already noted, this product 
can be separated from the proteoses by saturation of the concentrated 
digestive fluid with ammonium sulphate, after the manner already 
described. The ammonium sulphate-saturated filtrate, containing the 
peptone, is then freed from a portion of the ammonium salt by repeated 
concentration and crystallization, after which the solution is dialyzed 
until the sulphate is entirely removed. This process obviously entails a 
considerable loss of peptone by diffusion, but still sufficient remains to 
furnish a reasonable amount of product. From the salt-free solution, 
the peptone is obtained by evaporation of the fluid to a syrup and 
precipitation with strong alcohol. It is further purified by repeated 
boiling with fresh quantities of alcohol and extraction with ether. Like 
all preparations of pure peptone, free from proteose, bromelin-peptone 
is extremely hygroscopic and difficult to dry, and when once dried shows 
a strong avidity for water, quickly becoming gummy in the presence of 
moisture and on addition of water quickly dissolving to a clear yellow 
solution. 

In reactions, the peptone is naturally characterized by lack of 
precipitation with many reagents which constitute good precipitants for 
the proteoses. 

Thus, nitric acid gives no orocinitade whatever, even on the addition 
of strong salt solution. The solution, however, shows a yellow colour. 

Acetic acid and potassium ferrocyanide, likewise cupric sulphate, fail 
to produce any precipitate. 

On the other hand, phospho-molybdic acid, phospho-tungstic acid in 
acid solution, tannic acid, picric acid, and potassio-mercuric iodide in 
acid solution all give heavy precipitates, some more or less gummy in 
character. 

Neutral and basic lead acetate, mercuric chloride and olatinic 
- chloride all produce a slight turbidity. 

Potassium hydroxide and dilute cupric sulphate give a deep pink, or 
red biuret reaction. 

Boiling with potassium hydroxide and lead acetate gives no appre- 
ciable reaction for sulphur. 

With Millon’s reagent, no 6 co is obtained even on addition 
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of an excess of the fluid, and on boiling the mixture only a slight red 
colouration appears which quickly fades into a dirty yellow. This 
reaction is somewhat significant, and has been previously. commented 
on in connection with the antipeptone’ formed by the action of trypsin 
on blood-fibrin. In fact, the above bromelin-peptone corresponds in its 
reactions fairly well with those of fibrin-antipeptone formed by trypsin. 
This, taken in connection with the fact that large quantities of tyrosin 
are formed in an acid-bromelin digestion seems to point to the breaking 
down of the proteid molecule into leucin and particularly into tyrosin 
under the influence of bromelin, the peptone left at the end of a 
vigorous digestion being essentially antipeptone. 

All of the peptone preparations separated from an ncid-tetanelin 
digestion were found to contain such a large percentage of ash that 
analysis of the products has little value. In the neutral bromelin- — 
digestions, however, shortly to be described, peptone was separated with 
a much smaller content of mineral matter and its composition accurately 
ascertained. 


Neutral Bromalin. Digestion. 


On raw blood-fibrin, and on fibrin which has been soaked for some 
time in alcohol, a neutral solution of bromelin exerts pronounced proteo- 
lytic action, especially in the presence of a small amount of sodium 
chloride. The products which result are essentially of the same order 
as those formed in an acid-reacting medium ; minor differences, however, 
appear, some of which may be noted. 

In one experiment, 400 grams of an alcoholic preparation of blood- 
fibrin were warmed at 40°C. with 3 litres of a 1 per cent. solution of 
sodium chloride and 0°4 gram of bromelin for about 36 hours, putrefac- 
tion being prevented by addition ofa little thymol. Disintegration and 
solution of the fibrin took place quite rapidly, and at the end of 36 
hours only a small flocculent residue remained. This proved to be an 
antialbumid-like body similar to that formed in an acid digestion. The 
solution was found to have acquired an alkaline reaction during the 
digestion, and on careful neutralization with dilute hydrochloric acid a 
slight neutralization precipitate was obtained which certainly was not 
alkali-albuminate, but reacted exactly like the peculiar heteroproteose 

body precipitated by neutralization from an acid digestion, being more 


1 Kithne and Chittenden. “Ueber die Peptone.” Zeitschrift fiir Biologie. Ba. 
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or less soluble in 10 per cent. salt-solution and non-coagulable by heat 
when suspended in a neutral fluid. On boiling the neutralized digestive 
fluid, a very heavy heat-precipitate resulted which was far larger in 
amount than that usually obtained in an acid digestion. Indeed, the - 
appearance of this primary body in such quantity in a neutral digestion 
is emblematic of what has been previously stated, viz., that the ferment 
acts far more energetically on blood-fibrin in a weak acid solution than 
in a neutral fluid. For while fibrin may be dissolved by a neutral 
bromelin solution with fair degree of rapidity, conversion of the primary 
products into secondary proteoses and peptone goes on more slowly than 
in a slightly acid medium. Certainly, the appearance of this body in a 
neutral digestion of fibrin is even more characteristic than in an acid 
digestion. 

This heat-precipitate, like the one previously described, is not a 
coagulated proteid, since it is readily soluble in 0°2 per cent hydro- 
chloric acid and in 0°5 per cent. sodium carbonate, but is composed of 
coagulated heteroproteose, i.e. it is a form of dysproteose. In the form — 
of heteroproteose it is readily convertible by further ferment action into 
more soluble proteoses and peptone, but in a neutral digestion of such | 
strength as the one just described, where the fibrin may be rapidly 
dissolved, the usual primary proteoses seem to be in great part repre- 
sented by this peculiar hetero-like body. Both deuteroproteose and 
peptone, however, were formed in considerable quantity, but very little 
pure protoproteose unmixed with deuteroproteose was obtained. 

Blood-fibrin, such as was used in this digestion, was only slightly 
dissolved by a 1 per cent. sodium chloride solution alone, hence the salt 
present in the digestive mixture could not have had any direct action in 
the formation of this globulin-like proteose. 

A portion of the above heat-precipitate, dried at 110°C. until of 
constant weight, gave on analysis the following results, which agree 
fairly well with those obtained from analysis of the like body formed i in 
an acid digestion. 


. 


_ I. 04389 gram substance gave 0:2783 gram H,O =7-04 per cent. H 
and 0°8362 gram CO,= 51-96 per cent. C. | 
II. 0:2674 gram substance gave 0:1647 gram H,O =6°84 per cent. H © 
and 0°5115 gram CO,= 52°16 per cent. C. 
IIT. 0°4010 gram substance gave 55:2 c.c. N at 22-2° C. and 768°5 mm. 
pressure = 16°34 per cent. N. 
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IV. 04173 gram substance gave 56-9 c.c. N at 21°2° C. and 770:2 mm. 
pressure = 16:22 percent. N. 
V. 0°6562 gram substance gave 0-0004 gram ash = 0°06 per cent. 


Percentage composition of the ash-free substance. 
| Average 
7:04 6°84 6°94 
— 16°35 16-23 16°29 


100-00 


ome 


Soluble Proteoses and Peptone. 


From the neutralized and concentrated digestive fluid, freed from 
the heat-precipitate just described, proteoses, peptone, leucin and 
tyrosin were separated by the methods detailed under the head of 
the acid digestion. On dissolving the mixed proteose precipitate 

H,),SO, saturation) in water, neutralizing and saturating with 
sodium chloride, only a very small precipitate of protoproteose was 
obtained. On adding acetic acid, however, to the salt-saturated fluid, 
quite a bulky precipitate resulted, composed of a mixture of proto- 
proteose and deuteroproteose, but in which, judging from the reactions, 
there was a predominance of protoproteose, although for some reason it 
was not precipitable by salt alone. Purified after the method made use 
of in the acid digestion, the substance gave the usual reactions of the 
proto body, as modified by the presence of deuteroproteose. Especially 
pronounced was the ready precipitation of an aqueous solution of the 
body with nitric acid and the equally ready disappearance of the 
precipitate on warming the fluid, followed by its reappearance as the 
solution cooled. 

Dried at 110°C. until of constant weight, the following results were 
obtained on analysis, which show a much lower content of nitrogen 
than was found in the corresponding mixed precipitate from the acid 


digestion. 
Acetic acid precipitate ; Miature of Protoproteose aud Deuteroproteose. 
I. 06109 gram substance gave 03465 gram H,O = 6°30 per cent. H 
and 1:0848 grams CO, = 48°42 per cent. O. 


II. 0:3529 gram substance gave 0°2028 gram H,O = 6:38 per cent. H 
and 0°6287 gram CO, = 48°58 per cent. C, 
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III. 0-4014 gram substance gave 51-1 ¢.c. N at 22-3° C. and 765-0 mm. 
pressure = 15°11 per cent. N. 
IV. 0:3777 gram substance gave c.c. N at C. and 763-3 mm 
pressure = 15°19 per cent, N. 
| V. 05859 gram substance gave 0°0327 gram ash = 5°43 per cent. 
| | Percentage composition of the ash-free substance. 
Average 
H 6°55 6°74 664 
8 
100-00 


Deuteroproteose was separated from this digestion in the same 
manner as from the preceding acid digestion, and although smaller in 
amount, showed essentially the same reactions as those previously 
described. Thus, it was not at all precipitated by addition of nitric 
acid, even to a salt-saturated solution of the proteose, and it likewise 
failed to give any precipitate with acetic acid and potassium ferrocy-— 
anide. 

On analysis, the following results were obtained, the preparation 
having been dried at 110°C. until of constant weight. 

03032 gram substance gave 0:1743 gram H,O = 6°38 per cent. H 
and 0°5320 gram OO, = 47-84 per cent. C. 
03503 gram substance gave 0°2014 gram H,O= 6°38 per cent. H d 
and 0°6133 gram OO, = 47°74 per cent, C. 
0°3569 gram substance gave 43°8 c.c. N at 22°6° C. and 761‘5 mm 
pressure = 14°39 per cent, N. 

0:3587 gram substance gave 0-0210 gram ash = 585 per cent. 


Average 
C 50°81 50°70 50°75 
H 6°77 6°77 — 6°77 
N — — 15°28 15°28 
8 
100-00 


This analysis shows a wide divergence in composition from that of 
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the corresponding body formed in an acid digestion, the carbon being 
1 per cent. higher and the nitrogen more than 1 per cent. lower than 
was found in the previously described deuteroproteose. For this 
pronounced difference in composition we have no positive explanation ; 
the reactions of the two proteoses show no marked differences, and 
there is no reason for expecting any variation in the character of a 
proteose formed under conditions which differ so slightly. A difference 
in the conditions under which the proteolytic ferment performs its work 
might well"lead to differences in the rate of action and consequently in 


the proportion of the several proteoses formed, but there would seem to 


be no special reason why’the individual products should show variation, — 
providing, of course, the methods of separation are adequate for their 
purpose, Concerning the latter point we have no reasonable doubt, 
although it may be that deuteroproteose as formed in a bromelin 
digestion is less completely precipitated by saturation with ammonium 
sulphate’ than ordinary deuteroproteose, but this possibility has little 
bearing on the divergence in composition above noted. More plausible — 
is the view that in the weaker neutral bromelin digestion, less of the 


hemideuteroproteose is broken down into hemipeptone, leucin and 


tryosin than in an acid digestion and that consequently the composition 
of the resultant product is modified accordingly. _This assumes, how- 
ever, a difference in composition between hemi- and antideuteroproteose, 
of which we have no positive proof. 

The peptone formed in a neutral bromelin digestion is essentially 
the same as that formed in an acid digestion. From the neutral 
digestion it was separated and purified by the methods previously 
described, and when so separated it showed all of the peculiarities 
common to true peptone. The amount formed in this neutral digestion 
was not as large as the amount formed in an acid-bromelin digestion, 
although the former mixture was kept at 40°C. for a far longer period. 
In conformity with this lesser production of peptone, a much smaller 
yield of leucin and tyrosin was obtained, thus showing, as already 
stated, that the weaker action of a neutral bromelin solution is mani- 
fested more strikingly by the amount of secondary proteose and peptone 
formed than by the rate at which the fibrin is dissolved. 

The only striking point of difference between the peptone tall 5 in 
a neutral digestion and that formed in an acid bromelin solution was 
the behaviour of the body towards Millon’s reagent. As already 


1 Compare Kiihne. Zeitschrift fiir Biologie. Ba. xxrx. p. 1. 
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stated, the peptone separated from the latter digestive mixture gave 
little or no red reaction with the reagent, while the peptone separated 
from the neutral digestion gave a good and characteristic red reaction 
when heated with a solution of mercuric nitrate. This difference in 
reaction is probably due to the lesser proteolytic power of the neutral 
bromelin solution, the hemipeptone formed being consequently only 
partially broken down into leucin and tyrosin. As a result, the pep- 
tone separated from ‘such a digestion would naturally be composed 
of a mixture of hemipeptone and antipeptone, while in the more 
vigorous acid digestion the hemipeptone may have been completely 
_ transformed into leucin and tyrosin, thus leading to the separation of a 
fairly pure antipeptone. 

This is obviously a mere conjecture which, however, if true would 
satisfactorily explain this difference in the behaviour of the two pep- 
tones towards Millon’s reagent. 

The peptone separated from the above neutral digestion, after being 
dried at 110°C. until of constant weight, gave on analysis the following 
results, 


I. 03154 gram substance gave 0:1733 gram H,O = 6:10 per cent. H 
_ and 05113 gram CO, = 44-20 per cent. C. 
II. 04136 gram substance gave 48°7 c.c. N at 21°7° C. and 774°4 mm. 
pressure = 14°12 per cent. N. 
III. 0°3882 gram substance gave 47:1 c.c. N at 21°5° C. and 762-2 mm. 
pressure = 14°28 per cent. N. 
IV. 0:3766 gram substance gave 0°0345 gram ash = 9°16 per cent. 


Percentage composition of the ash-free substance. 
Average 
48°65 — — 48°65 
671 — 6-71 
| 15°72 15°63 
100°00 


The above analysis shows the peptone to possess the usual low 
content of carbon, characteristic of most of the true peptones (free from 
proteose) thus far analyzed, but the percentage of nitrogen, in propor- 
tion to the nitrogen of the blood-fibrin, is exceptionally low. This 
peculiarity, however, is common to several of the digestive products 
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formed from blood-fibrin by the action of a neutral solution of bromelin. 
This might be interpreted perhaps as signifying that in bromelin 
digestion we have not only hydration of the proteid molecule, but 
hydration accompanied by cleavage of a nitrogen-containing radical. 
‘The majority, if not all, of the proteoses and peptones formed by 


animal digestive ferments hitherto analyzed have shown a content of 


nitrogen at least equal to that of the mother proteid. Neumeister’, 
however, has described two products, atmidalbumin and atmidalbumose, 
formed from blood-fibrin by the action of superheated steam, in which 
the content of nitrogen is 14°43 and 13°58 per cent. respectively. The 


same investigator claims that similar bodies are formed in the digestion 
of blood-fibrin and other proteids with the juice of Carica Papaya. 


However this may be, the above deuteroproteose and peptone are 
peculiar in their low content of nitrogen. 
The composition of the various products analyzed, both those formed 


in a neutral and in an acid digestion, may be conveniently compared in 
the following table: — 


Acid Digestion. 
H N 8&0 Ash 
Blood-fibrin (Ham marsten) 5268 683 1691 2358 


Soluble proteose in undigested 2. 
} 50:95 658 1655 2594 3-24 


Neutralization precipitate, 1 51-40 6:96 16:29 25:35 0:27 
Neutralization precipitate, 2 5168 670 16:26 25:36 0°58 


Heat precipitate 52-16 691 1665 2428 O18 
Protoproteose, NaCl p.p. 5189 675 1687 2449 2-00 
Insoluble heteroproteose 50°96 682 1680 2542 0°90 

} 5167 664 17°16 2453- 1-68 
Deuteroproteose 49-73 665 1659 27:03 2:38 

: Neutral Digestion. 

Blood-fibrin(Hammarsten) 52°68 683 1691 2358 — 
Heat precipitate 52:09 6°94 16:29 2468 0-06 
Proto and Deuteroproteose, . ; 
doen } 5128 664 1601 2607 5:43 
Deuteroproteose 50°75 15°28 27:20 5°85 
Peptone 48°65 671 1563 29-01 916 


1 Zeitschrift fiir Biologie. Bd. xxvi. p. 71. 
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3. Products formed in the Digestion of Coagulated Egg-albumin 
with Bromelin. 


| (From experiments made by W. H. P. Bronson’, Ph.B.) 


As indicated by the various statements already made, coagulated 
egg-albumin is considerably more resistant to the action of bromelin 
than blood-fibrin. At the same time it is slowly dissolved, especially in 
a neutral fluid, and converted into the ordinary products of proteolytic 
digestion. It is also to be noted that, as in the action of trypsin, when 
albumin is once dissolved the ordinary primary products are quickly 
transformed into true peptone. In other words, the primary corrosion 
or solution of the coagulated proteid proceeds slowly, but when this is 
once accomplished the secondary products are more rapidly formed, so 
that an examination of the clear digestive fluid always reveals a 
predominance of true peptone with a proportionately smaller amount of 
soluble albumoses. 

The albumin used in these experiments was prepared by taking the 
whites of a large number of eggs, precipitating the globulin by the 
addition of hydrochloric acid (42c.c. of 20 per cent. HCl to every 
 300c.c. of albumin), and after some hours standing, with frequent 
stirring, removing the abundant precipitate by filtration through paper. 
The perfectly clear fluid was then coagulated in fine flocks by pouring 
it slowly into a large volume of. boiling water slightly acidified with 
acetic acid. The resultant finely divided precipitate was then collected 
on a cloth filter, and washed thoroughly with boiling water until all 
soluble salts were entirely removed. 

The ferment used in the several digestions was in two cases a 
sodium chloride preparation, and in one case an ammonium sulphate 
preparation. 

Preliminary digestions with the above prepared coagulated egg- 
albumin gave results corresponding essentially with those already 
noted, showing that the ferment is most active on this form of proteid 
matter in a neutral solution, free from salt. Thus in one such series of 
experiments where like amounts of bromelin and albumin were em- 
ployed, the total volume of fluid being 25¢.c. and the mixtures warmed 
at 40°C. for five hours, the most vigorous digestion, as indicated by the 
character of the biuret test applied to the filtrates, was obtained in a 
- neutral fluid; the presence of even 0:006 per cent. of hydrochloric acid 


| 1 Deceased, June 1892. 
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ie to diminish slightly the proteolytic action of the ferment. 


Further, the presence of salt, either in a neutral or slightly acid © a 


solution, offers no noticeable advantage. Indeed, it may be safely said — 
that in the digestion of coagulated egg-albumin with bromelin, the 
ferment shows the most pronounced proteolytic action in a neutral 
medium, free from salts; the presence of both salts and small amounts 
of acid interfering with the digestive action in proportion to the 
amount present, while larger =~ check the action of the ferment 
altogether. 

In the first digestion on a large scale, the coagulated albumin from 
three dozen of eggs was warmed at 40°C. with two litres of distilled 
water and 0°8 gram of a sodium chloride preparation of the ferment for 
40 hours, the mixture being thymolized to prevent putrefaction. Ex- 
amination of samples of the clear digestive fluid revealed the presence 
of a large amount of peptone, leucin and tyrosin, thus showing that 

digestive action had been quite vigorous. There still remained, how- 
ever, considerable finely divided undissolved matter, which on being 
tested was found to consist in part of an antialbumid-like body, soluble 
in 0°5 per cent. sodium carbonate. With this was naturally associated 
a certain amount of unaltered albumin. The entire portion of un- 
dissolved matter was filtered off, washed with water and the residue 
again warmed at 40°C. for 24 hours with thymolized water containing 
a few decigrams of ferment. At the end of this time, the insoluble — 
matter was again separated by filtration and thoroughly washed with 
warm water. The proportion of matter soluble in 0°5 per cent. sodium 
carbonate was now found to be greatly increased, more of the original 
coagulated albumin having been transformed into soluble proteoses and 
peptone on the one hand, and into insoluble antialbumid on the other. 
This antialbumid-like body was readily soluble in dilute alkali car- 
bonate, but wholly insoluble in dilute (0°2 per cent.) hydrochloric acid, 
and in water. In order to separate this body from the unaltered 
albumin which was still present, the entire residue after thorough 
washing with water was warmed at 50°C. for an hour with a litre of 
0°5 per cent. sodium carbonate. The resultant solution was then filtered 
from the coagulated albumin and, after dilution, carefully neutralized 
with 0°2 per cent. hydrochloric acid. By this method of treatment a 
heavy flocculent precipitate was obtained, which was collected on a 
filter and washed with water until entirely free from soluble salts. It 
was next washed with weak alcohol, absolute alcohol and finally with 
ether. 
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Antialbumid. 


So prepared, this body gives the usual reactions characteristic of 
what has been described in the past as an antialbumid. Like the 
antialbumid resulting from gastric digestion, this body when first 
formed is entirely insoluble in 0°2 per cent. hydrochloric acid, but after 
it has once been dissolved in dilute sodium carbonate and reprecipitated 
by neutralization, it is then exceedingly soluble in both dilute acid and 
alkali. It is not, however, capable of being further digested, at least 
not readily so, by the action of bromelin, and hence differs from an 
ordinary alkali-albuminate. It gives the usual proteid reactions charac- 
teristic of this body, and contains a small amount of sulphur, as 
indicated by the reaction obtained with potassium hydroxide and lead 
acetate. 

Dried at 110°C. until of constant weight, one — gave the 
following results on analysis. 


Antialbumid, 1. 


I. 0-3864 gram substance gave 0:2376 gram H,O = 6:84 per cent. H 
and 07437 gram CO, = 52-48 per cent. C. 
II. 04066 gram substance gave 0°2555 gram H,O = 6-98 per cent, H 
and 0°7839 gram CO, = 52°57 per cent. CO. 
0°3046 gram substance gave 0:1916 gram H,O =6-98 per cent. H 
and 0:5909 gram CO, = 52-90 per cent. C. 
IV. 0:4476 gram substance gave 57:9 c.c. N at 13°5° C. and 756°5 mm. 
pressure = 15°43 per cent. N. 
V. 0:3405 gram substance gave 0:0015 gram ash = 0°44 per cent. 


Percentage composition of the ash-free substance. 


Average 
52°71 52°79 53-13 ire 52-87 
H 6-87 7-01 701 6-96 
N 15-49 15°49 

100-00 


Another preparation of this substance formed in a second digestion, — 
and isolated in the same manner as the preceding, was also analyzed 
with the following results. The analysis was made on a sample dried 
at 110°C. until of constant weight. 


PH. XV, 20 
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Antialbumid, 2. 
I. 05567 gram substance gave 0°3540 gram H,0 = 7:06 = cent, H 
10917 grams CO, = 53°47 per cent. 
II. 0°4317 gram snbetanse gave 0:2676 gram H,O= 6-88 per cent. H 
and 0:8419 gram CO, = 53°18 per cent. C. 
III. 0-3495 gram substance gave 44°6 o.c, N at 14:1°C. and 761-8 mm. 
pressure = 15:27 per cent. N. 
IV. 04467 gram substance gave 57-4 c.c. N at and 749°5 mm. 
pressure = 15:21 per cent. N. 
V. 0°3456 gram substance gave 0°0017 gram ash = 0°49 per cont. 
VI. 0:3320 gram substance gave 0:0016 gram ash = 0°48 per cent. 


Percentage composition of the ash-free substance. 


Average 
C 53-73 53-45 53-59 
H 7-09 7-00 
1534 1528 15°31 
8 
| 100-00 


From these data it is evident that the antialbumid-like body formed 
from coagulated egg-albumin by bromelin digestion does not differ 
widely in composition from the mother proteid. There is, however, a 
somewhat higher percentage of carbon, accompanied by a corresponding 
decrease in the content of nitrogen, but the difference is not great. 


Soluble products of digestion. 

In all of the digestions made with coagulated egg-albumin the 
proportions of albumin, ferment and water used were essentially the 
same as those already given, the mixtures being warmed at. 40°—45°C. 
for 40—60 hours. The digestive action being somewhat slow, this 
length of time was necessary in order to insure a sufficient amount of 
soluble products for study. On filtering the solution from the residue 
of undigested albumin and antialbumid it was usually found slightly 
acid in reaction, although the thymol added had apparently prevented 
any appearance of putrefaction. With the neutral fibrin digestions, on 
the other hand, it will be remembered an alkaline reaction was usually 
developed. Examination of the clear filtered fluid obtained in these 
digestions always revealed by acetic acid and potassium ferrocyanide, 
nitric acid, ammonium sulphate and the biuret test the presence of 
large quantities of albumose and peptone. 
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The methods of separation were preatunlly the same as those 
detailed under the head of fibrin digestion. 

The clear fluid was first carefully neutralized with dilute sodium 
carbonate, without yielding any neutralization precipitate, then concen- 
trated to a small volume whereby a slight precipitate usually resulted 
composed of coagulated proteid. Filtered from this precipitate, the 
fluid was concentrated to a syrup and then treated while hot with an 
excess of 95 per cent. alcohol, whereby the albumoses and peptone were 
precipitated. The resultant gummy mass was then repeatedly heated 
and boiled with alcohol to more completely remove leucin and tyrosin. 
Further, the precipitate was again dissolved in water and reprecipitated 
with hot alcohol, after which it was extracted with boiling alcohol until 
the latter failed to take up any more leucin and tyrosin. By concen- 
trating the alcoholic filtrate and extracts, an abundance of crystals of 
both leucin and tyrosin were obtained, the latter responding to both 
Hoffmann’s and Piria’s tests. 

The gummy precipitate of albumoses and peptone was dissolved in 
water and the albumoses separated from the peptone by saturation of 
the solution with ammonium sulphate, in the presence of a little acetic | 
acid; the separation of the albumoses being made more complete by 
heating the salt-saturated fluid to boiling and keeping it in that 
condition for some time. The albumose precipitate so obtained was 
usually very oily, as if composed wholly of deuteroalbumose. It was 
redissolved in water and again precipitated by saturation with the 
ammonium salt under the same conditions as just described, and finally 
washed repeatedly with hot saturated ammonium sulphate-solution. 
Redissolved in water, the solution usually gave only a slight precipitate 
by saturation of the neutralized fluid with sodium chloride and only a 
small one on addition of acetic acid to the salt-saturated fluid, thus 
showing the absence of any large amount of primary proteoses. This 
was the usual result in the several digestions examined, and indicates, 
as already stated, a tendency for the first formed proteoses to be quickly 
converted into deuteroproteose and true peptone. Indeed, the soluble © 
products in these digestions are especially represented by peptone, non- 
precipitable by ammonium sulphate. In no case was protoalbumose or 
heteroalbumose obtained in sufficient amount for analysis. 


Such amount of this product as was separated, was obtained by 
saturating the neutral solution of the above (NH,),SO, albumose 
20—2 
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precipitate with sodium chloride. The slight precipitate resulting was 
washed with saturated salt solution, then dissolved in water and dialyzed 
in running water until entirely free from chloride. At the end of the 
dialysis, only a trace of heteroalbumose was, as a rule, found adherent to 
the parchment wall of the dialyzer tube. The solution of the purified 
protoalbumose was then concentrated to a syrup, and precipitated with | 
alcohol. In all of our digestions the yield was small, insufficient for 
analysis. The reactions, however, were such as are characteristic of an 
ordinary protoproteose. From a neutral solution it was precipitated by 
addition of salt in substance, added to saturation. With nitric acid a 
precipitate was produced soluble on heating and in an excess of the 
acid. Acetic acid and potassium ferrocyanide likewise gave a precipitate 
soluble on heating, and reappearing as the solution cooled. « Cupric 
sulphate gave a heavy precipitate, as did also mercuric chloride, lead 
acetate, platinic chloride, picric acid and tannic acid. The two latter 
precipitates were dissolved somewhat on warming, but reappeared on 
cooling. Phosphotungstic acid gave a heavy permanent precipitate, 
likewise phosphomolybdic acid. Potassio-mercuric iodide yielded a 
precipitate which dissolved on the application of heat. With cupric 
sulphate and potassium hydroxide, a reddish violet colour was obtained, 
while Millon’s reagent gave a heavy precpinate changing to the 


_ ordinary red colour on boiling. 


With salt and careful addition of nitric acid, a precipitate was 
obtained readily esol on application of heat and reappearing as the 
solution cooled. 


Deuteroalbumose. 


In the salt-saturated filtrate from the protoalbumose precipitate, 
addition of a few drops of acetic acid produced a second more or less 
flocculent precipitate, presumably composed of a mixture of the remain- 
ing protoalbumose with some deuteroalbumose. This was so slight, 
however, it was rejected and not examined further. In this last filtrate, 
only deuteroalbumose could be present. Preliminary to its separation, 
the solution was neutralized and then dialyzed for a few days until the 
excess of sodium chloride was removed, after which the fluid was 
concentrated and then saturated with ammonium sulphate, The re- 
sultant almost oily precipitate of pure deuteroalbumose was washed 
somewhat with a saturated solution of the ammonium salt, then dis- 
solved in water and dialyzed in running water until the sulphate was 


_ entirely removed, after which the clear filtered fluid was concentrated 
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and finally precipitated with strong alcohol. It was heated for some 
time with fresh quantities of alcohol, then washed with ether and dried. 
The yield of pure deuteroalbumose in these digestions was not large, 
still the amount was far greater than of protoalbumose. 

One sample, dried at 110°C. until of constant weight, ” on 
analysis the following results: 


Deuteroalbumose. 


I, 0-4205 gram substance gave 0:2445 gram H,O =6-46 per cent. H 
and 0°7433 gram OO, = 48:21 per cent. C, 
II. 0°3407 gram substance gave 0°1997 gram H,O=6 51 per cent. H 
| and 0°6013 gram CO, = 48°12 per cent. C. 
III. 0:3632 gram substance gave 37°9 N at 13°8° C. and 749-9 mm. 
pressure = 12°31 per cent. N. 
IV. 0:2754 gram substance gave 0°0133 gram ash = 4°83 per cent. 


Percentage composition of the ash-free substance. 


Average 
50°67 50°58 50-63 
H 678 6-83 6-80 
N 12-93 12-93 

100-00 


Very noticeable is the exceedingly low content of nitrogen. In fact, 
the percentage of this element is surprisingly low, and were it not for — 
the fact that the peptones analyzed likewise show a correspondingly low 
percentage of nitrogen, the above result would seem very improbable. 
As it is, we can offer no satisfactory explanation other than the mere 
conjecture that possibly it may signify a cleavage of the proteid molecule 
with a splitting off of a nitrogen moiety. 

In reactions, the pure deuteroalbumose differs markedly from the 
_ primary albumoses. Thus, it is very soluble in water and is not pre- 
cipitated from either a neutral or acid solution by saturation with 
sodium chloride. Neither is it precipitated by nitric acid, acetic acid 
and potassium ferrocyanide, cupric sulphate, lead acetate, mercuric 
chloride, or platinic chloride. With picric acid, on the other hand, as 
also with tannic acid, phosphotungstic acid, phosphomolybdic acid, and 
 potassio-mercuric iodide precipitates are formed more or less soluble on 
the application of heat. With the biuret reaction a bright red colour is 
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obtained, and with Millon’s reagent a precipitate is formed, turning 
red on the — of heat. 


Peptone. 

As already remarked, peptone appears to be the chanachiblatic 
product of bromelin digestion with coagulated proteids. The filtrate 
from the ammonium sulphate precipitate of albumoses, in these diges- 
tions of coagulated egg-albumin, was always found rich in peptone; Le. 
application of the biuret test to the digestive fluid, after complete 
removal of the albumoses by saturation of the solution with ammonium 
sulphate, invariably gave an intense red colour, indicative of the abun- 
dance of peptone. 

The method of separation was essentially as follows: The saturated 
ammonium sulphate solution from the albumose precipitate, already 
described, was concentrated somewhat and then allowed to stand in a cool 
place until a considerable quantity of the ammonium salt had crystallized 
out. The filtrate was then treated with dilute alcohol which gave 
rise to another separation of ammonium sulphate. The fluid was then 
concentrated until the alcohol was entirely removed and another crys- 
tallization of sulphate commenced. The filtrate from this latter separa- 
_ tion was then carefully neutralized and dialyzed in running water, with | 
the usual addition of thymol, until the ammonium salt was entirely 
removed, as indicated by a negative reaction with barium chloride. 
The salt-free solution was then concentrated to a syrup and precipitated — 
while hot with strong alcohol. Obviously, the above method entailed a 
large loss of peptone by diffusion, but the quantity formed was such that 
a reasonably large product was always obtained. The peptone so pre- 
pared was purified somewhat by repeated solution in water and 
reprecipitation with alcohol. It was finally boiled for some time with 
fresh quantities of 95 per cent. alcohol and then repeatedly extracted 
with absolute alcohol and ether, by which it was partially freed from 
moisture. Although, like all peptone preparations, very gummy, it was 
obtained in the form of a powder by careful drying on a water-bath, 
after which it was thoroughly dried at 105—110° C. 

So prepared, the peptone has the appearance of a light brownish 
yellow powder, readily soluble in water to a yellowish solution, and also 
soluble in a saturated solution of sodium chloride and ammonium 
sulphate. It has a strong characteristic odour, like meat slightly burnt, 
both when dry and in solution. Like all true peptones, it is character- 
ized by lack of precipitation with the ordinary precipitants for albuinin- 
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ous bodies, giving no precipitate with acetic acid and potassium 
ferrocyanide, nor with metallic salts, such as cupric sulphate and 
mercuric chloride. With tannic acid and phosphomolybdic acid a 
precipitate is formed which is more or less soluble on the application of 
heat, reappearing as the solution cools. Phosphotungstic acid gives a 
heavy permanent precipitate, especially in the presence of dilute acid. 
With Millon’s reagent only a slight precipitate is obtained, as in the 
case of the corresponding fibrin-peptone previously described, but the 
solution shows a distinct red colour when boiled. With nitric acid, no 
precipitate is produced, but addition of ammonia to the strongly acid © 
fluid brings out the ordinary orange yellow colour. 

Trichloracetic acid fails to give any precipitate, as does also chromic 
acid and ferric chloride. 

Two distinct preparations of peptone were analyzed, both samples 


being dried at 110°C. until of constant weight. Following are the 
results obtained : : 


Peptone, 1. 
I. 0°3393 gram substance gave 01947 gram H,O=6:37 per cent. H 
and 05772 gram CO, = 46°39 per cent. OC. 
{I. 03719 gram substance gave 0-2137 gram H,O = 6: 38 per cent. H 
and 0°6301 gram CO, = 46°20 per cent. ©. 
III. 0°4157 gram substance gave 49-5 c.c. N at 15-9° C. and 759-3 mm. 
pressure = 14°12 per cent. N. 
TV. 04138 gram substance gave 49-3 c.c. N at 15°8° C. and 758°9 mm. 
pressure = 14°12 per cent. N. 
VY. 0°4966 gram substance gave 0°0170 gram ash = 3°42 per cent. 


Percentage composition of the ash-free substance. 


Average 
48-01 47°82 — — 47°91 


-— 14°62 14°62 14°62 


Peptone, 2. | 
I. 03673 gram substance gave 0°2056 gram H,O = 6-21 per cent. H 
and 0-6043 gram OO, = 44°87 per cent. C. 


II. 0:3644 gram substance gave 02058 gram H,O = 6:27 per cent. H 
= 45-08 per cent. O. 
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III. 0:3982 gram substance gave 45°5 c.c. N at 16°9° C. and 7669 mm. 
pressure = 13°63 per cent. N. 
IV. 0°3843 gram substance gave 43°8 c.c. N at 16°7° C. and 767°8 mm. 
pressure = 13-65 per cent. N. 
V. 0°5051 gram substance gave 0°0316 gram ash = 6°25 per cent. 


Percentage composition of the ash.free substance. 


Average 
C 47°86 48°07 47°96 
H 662 6°67 6°65 
N 14°53 14°55 14°54 
S 
100-00 


These two results show very close agreement and are alike cha- 
racterized not only by a low content of carbon but also by a compara- 
tively small percentage of nitrogen. 

The results obtained in the study of these digestions of coagulated 
egg-albumin by bromelin testify to the true proteolytic power of the 
ferment and indicate that the latter does not differ markedly in its 
action from the related animal ferment trypsin. Indeed, as with the 
latter ferment, we find as characteristic products of its digestive action 
on coagulated proteids, antialbumid, primary and secondary albumoses, 
true peptone, leucin and tyrosin. Further, bromelin like trypsin, al- 
though a weaker ferment, is especially a peptone-forming ferment, such — 
portion of the proteid as is dissolved by the action of the ferment being 
quickly transformed into the final products characteristic of trypsin 
digestion. 


For convenience in comparison, the analytical data, showing the 


composition of the several products analyzed, are arranged together in 


the following table : 
N S&0O Ash 
Coagulated egg-albumin' 52:21 6°96 15-80 2503 0°37 
Antialbumid, 1 52°87 6°96 15°49 24°68 0°44 
2 63°59 700 15°31 2410 0-48 
Deuteroalbumose 50°63 6°80 12°93 29°64 4°83 
Peptone, 1 47°91 660 1462 3087 3-42 


4796 665 1454 3085 6-25 


1 Chittenden and Bolten. Studies, Lab, Physiol. Chem. Yale Univ., Vol. u. 
p. 130. 
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_ Here again, as in the foregoing fibrin digestion, we are impressed 
with the exceptionally low percentage of nitrogen in the deuteroalbu- 
mose and peptone. In fact, this is so contrary to our general experience 
with digestion products formed by animal ferments, that we are forced 
to consider it as something peculiar to the vegetable ferment. As is 
well known', secondary proteoses and peptone formed by the action of 
pepsin and trypsin usually show a much lower content of carbon than 
the proteid undergoing digestion, as in the above bromelin products, 
but the percentage of nitrogen is ordinarily increased in proportion to 
the decrease of carbon. Hence, on the strength of the above data we 
might conjecture that the vegetable ferment bromelin, and possibly 
other like vegetable ferments, are peculiar in giving rise to secondary 
proteoses and peptones with a much lower percentage of nitrogen than 
is contained in the mother proteid, thus implying a cleavage of a 
nitrogen-containing radical as a part of the proteolysis. This, if true, 
would constitute a good ground of distinction between the animal and 
vegetable proteolytic ferments. 


4. Products formed ‘in the Digestion of Myosin with Bromelin. 
(From experiments made by Vertner Kenerson, B.A.) 


Fresh muscle tissue is readily digested by bromelin, but myosin, 
when separated from the tissue by the usual methods of preparation, is 
somewhat more resistant to the proteolytic action of the ferment. It is 
digestible, however, and yields the ordinary products of proteolytic 
action. The myosin used in the experiments about to be described was 
prepared from fresh lean beef by extracting the finely divided tissue 
with large quantities of thymolized water until all soluble matter was 
removed, and then dissolving out the myosin with a 10 per cent. 
solution of sodium chloride. From this solution, after filtration through 
cloth and finally through paper, the myosin was separated as a jelly-like 
mass by long continued dialysis, the latter process being continued 
until all traces of salt were removed. So prepared, the myosin was 
almost completely soluble in dilute hydrochloric acid, and was at once 
subjected to the action of the ferment without being dried. 

Preliminary experiments tried with various solutions of the ferment 
showed that the proteid was acted upon by the ferment in very weak 


1 Kiihne and Chittenden. Zeitschrift fiir Biologie. Bd. xx. p. 11; Bd. xxu. 
p. 409 and p. 423; Bd. xxv. p. 358, etc. 
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acid and alkaline solutions as well as in a neutral fluid, but proteolytic 
action appeared most vigorous in the presence of very small amounts of 
hydrochloric acid. 

Consequently, such digestions as were made were carried on in the 
presence of a very weak solution of hydrochloric acid. Thus, in one 


experiment, 1350 grams of moist myosin were warmed at 40°C. with 


3°5 litres of 0‘025 per cent. hydrochloric acid, in which the myosin 
almost entirely dissolved. To this solution 1 gram of bromelin was 
added and the mixture retained at the above temperature for 70 hours, 
a little thymol being added to prevent any putrefactive changes. A 
few hours after the addition of the ferment, the solution became very 
thick and semi-gelatinous from the separation of what appeared to be 
acid-albumin. As the digestion proceeded, however, this separation 
gradually disappeared, but there still remained a certain amount of 
material apparently incapable of being further altered by the action of 
bromelin in an acid solution. At least, repeated exposure of the 
insoluble matter to the action of a fresh ferment solution failed to | 
materially diminish the amount. This body may be considered simply 
as a form of antialbumid, insoluble in dilute acid but soluble in weak 
alkaline fluids. The quantity obtained was too small for analysis, and 
the reactions showed nothing at all peculiar, or especially characteristic 


aside from what has been already mentioned. 


The clear filtered digestive fluid may, or may not give a neutraliza- 


tion precipitate on addition of dilute sodium carbonate. This is simply 


dependent upon the strength of the ferment solution, the rate of 
digestion, etc. In one experiment, where digestive action was some- 
what slow, a moderate amount of this neutralization precipitate was 
obtained, having all the properties of an ordinary acid-albumin; 
ie. readily soluble in both dilute acid and alkali, but insoluble 
in water and salt solutions of various strength. This sample was 
thoroughly washed with water, alcohol and ether, and when dried 
at 110°C. until of constant weight gave on analysis the following 
results : 


Neutralization precipitate. 


I. 0:3619 gram substance gave 0°2232 gram H,O = per omt. 
and 0°6925 gram CO, = 52:18 per cent. C. 
II. 0:3720 gram substance gave 48°6 c.c. N at 15-0° O. and 7640 mm. 
pressure = 15°63 per cent. N. 
III. 0:3963 gram substance gave 0:0036 gram ash = 0-98 per cent. 


te 
ak 
fine 
2 
> 
ag 
& 
be 
4 
ri! 
4 
| 
& 


PROTEOLYTIC ACTION OF BROMELIN. 307 
Percentage composition of the ash-free substance. 


Average 

52-69 52°69 

H 6-91 ue 6-91 

N 15-78 15°78 

of = 24-62 

100-00 


The one peculiarity about. the composition of this body is its 
comparatively low content of nitrogen. Myosin contains 16°86 per cent. 
of this element, whereas the above neutralization precipitate contains 
only 15°78 per cent. of nitrogen. The carbon content of the two bodies, 
on the other hand, is identical, a fact which might tend to throw 
discredit on the nitrogen result were it not that many of the products 
formed by the proteolytic action of bromelin are apparently character- 
ized by a correspondingly low content of nitrogen. 

On boiling the neutralized digestive fluid, freed from the above 
described neutralization precipitate, a heavy precipitate is liable to 
form which increases in amount as the fluid is concentrated. This 
might naturally be considered as simply coagulated proteid, but it 


differs from the latter body by being readily soluble both in 0°5 per 


cent. sodium carbonate and in 0:2 per cent. hydrochloric acid, and is 
closely akin to the peculiar heat-precipitate already described under the 
head of fibrin digestion. It is apparently a heteroproteose-like body, 
coagulated or precipitated by heat. As already stated, it is readily 
soluble in 0:2 per cent. hydrochloric acid and in 0°5 per cent. sodium 
carbonate, but is insoluble in 5—10 per cent. solution of sodium chloride. 
Dissolved in either dilute acid or alkali it is reprecipitated by neutra- 


lization. With cupric sulphate and potassium hydroxide, it gives a pink » 
colour and yields the ordinary proteid reaction with Millon’s reagent. — 


A portion dried at 110°C. until of constant weight gave on analysis 
the following results : 


I. 0:4159 gram substance gave 0°2622 gram H,O=7-00 per cent. H 
and 0°7932 gram CO, = 52-00 per cent. C. 
II, 0°5021 gram substance gave 0°3122 gram H,O= 6-90 per cent. H 
and 09549 gram CO, = 51°86 per cent. O. 
IIL 0°3887 gram substance gave 52°9 c.c. N at 15:5° C. and 766°1 mm. 
pressure = 16°30 per cent. N. 
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IV. 0°3515 gram substance gave 47°7 c.c. N at 15-0° C. and 767-2 mm. 
pressure = 16°31 per cent. N. 
V. 0°4001 gram substance gave 00040 gram ash = 0°99 per cent. 


Percentage composition of the ash-free substance. 


Average 
52-51 52:37 sid 52°44 
H 7-06 6-96 wn a 7-01 
N 16-46 16°47 16°46 
100-00 


On concentration of the filtrate from the above heat-precipitate, a 
syrupy residue was obtained which was thoroughly extracted with 
boiling alcohol. By evaporation of this alcoholic solution, crystals of 
leucin and tyrosin were obtained which responded to the appropriate 
tests for these bodies, thus showing that in the digestion of myosin with 
bromelin, amido acids are formed as in the digestion of other varieties 
of proteid matter. 

The alcoholic precipitate, presumably composed of proteoses and 
peptone, was dissolved in water and reprecipitated by alcohol, after which 
it was repeatedly boiled with alcohol for the more complete removal of 
leucin and tyrosin. The precipitate was then dissolved in water and the 
peptone and proteoses separated by saturation of the acidified fluid 
with ammonium sulphate after the method already fully described. 
The ammonium sulphate-saturated filtrate containing the peptone 
present was then freed from the ammonium salt by crystallization, 


_ addition of alcohol and dialysis, the final solution, entirely free from 


sulphate, being then concentrated to a syrup and precipitated with 
alcohol. The gummy precipitate of peptone so obtained was very 
soluble in water and gave no precipitate with cupric sulphate, nitric 
acid, or acetic acid and potassium ferrocyanide. It was, however, 
precipitated by phosphotungstic acid and phosphomolybdic acid, and 
gave a bright red colour with the biuret test. 

A portion dried at 110°C. until of constant weight gave on analysis 
the following results : 


Myosin-Peptone. 
I. 04407 gram substance gave 0°2589 gram H,O = 6°52 per NG H 
0:7486 gram OO, = 46:32 per cent. C. 
TI. 0:2955 gram substance gave 0°1705 gram H,O = 6-41 per cent. H 
and 0°5021 gram CO, = 46°33 per cent. C. 


ers 
% 
¥ 
> 
. 
¥ 
9 
* 


PROTEOLYTIC ACTION OF BROMELIN. 309 


IIL. 09888 gram substance gave 47-7 N at 16°1° 0. and 765°5 mm. 
pressure = 14°86 per cent. N. 
IV. 0:3265 gram substance gave 0:0189 gram ‘ke 5°78 per cent. — 


_ Percentage composition of the ash-free substance. 


Average 
49°16 49:17 49°17 
H 6-91 680 6°85 
| 100-00 


In common with most peptones hitherto analyzed myosin-peptone, 
as formed by bromelin, is seen to contain a much lower percentage of 
carbon than the mother proteid from which it originates, agreeing very 
closely in this respect with the myosin-peptone formed by trypsin’ 
digestion. The nitrogen content of the bromelin product, however, is 
nearly one per cent. lower than that of the trypsin product. 

The proteose precipitate ((NH,),SO, saturation) after being entirely 
freed from peptone was dissolved in a small amount of water, the fluid 
carefully neutralized and then saturated with sodium chloride. A small 
precipitate of proto- and heteromyosinose resulted. By dialysis, these 
two bodies were separated, only enough of each being obtained for a 
few test-tube reactions. These, however, agreed essentially with the 
reactions previousty described in our study of the gastric digestion® of- 
myosin. 

The residue of these two primary myosinoses was removed from the 

above salt-saturated fluid by addition of a little acetic acid, and from 
this filtrate pure deuteromyosinose was obtained, after partial removal 
of the salt by dialysis, on saturation of the concentrated fluid with 
ammonium sulphate. When entirely freed from the sulphate by dia- 
lysis, and precipitated with alcohol it was obtained as a more or less 
gummy mass which was eventually transformed into a yellowish-brown 
powder by long-continued treatment with absolute alcohol and ether. 

So prepared, the myosinose was readily soluble in water yielding a 
faintly alkaline-reacting fluid, the clearness of which was not altered by 
careful addition of very dilute acid. In reactions nothing especially 
peculiar was noted, the body behaving in essentially the same manner 
as deuteroalbumose. 


1 Chittenden and Goodwin. ‘‘Myosin-peptone.” This Journal, Vol. xu. p. 34. 
2 Kihne and Chittenden. Zeitschrift fiir Biologie. Bd. xxv. p. 358. 
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A portion dried at 110°C, until of constant weight adie on analysis 
the following results : 


Deuteromyosinose. | 
I. 0:4177 gram substance gave 0:2427 gram H,O = 6°45 per cent. H 

- and 0°7266 gram CO, = 47°43 per cent. C. 
II. 0-3073 gram substance gave 34:0 cc. N at 15-9° O. and 767-2 mm. 


pressure = 13-25 per cent. N. 
III. 0-3665 gram substance gave 0°0174 gram ash = 4:74 per cent. 


composition the ash-free 
Average 
49°79 49-79 
H 6°76 6-76 
N 13°91 13°91” 
oF — 
100:00 

Here again is to be noted the low content of carbon, so characteristic 
of nearly all deuteroproteoses, and in addition a strikingly low per- 
centage of nitrogen, which latter may perhaps be explained in the same 
manner as the correspondingly low content of nitrogen in deuteroalbu- 
mose and albumin-peptone. 

The following table shows the composition of the several products 
analyzed, and for comparison the composition of the myosinoses and 
myosin-peptone formed by the digestive action of pepsin-hydrochloric 
acid and of trypsin. | 

C H N 8&0 Ash 


Myosin 52°79 712 1686 23:23 0°66 
Protomyosinose, Pepsin HCl' 5243 717 1692 2348 1°14 
Deuteromyosinose, ,, 50°97 7:42 17°00 2461 1°74 
Myosin-peptone, Trypsin’* 49°26 687 1662 27:25 — 
Bromelin Digestion 
Neutralization precipitate 52°69 691° 15°78 2462 0-98 
Heat-precipitate 52-44 701 1646 2409 0:99 
Deuteromyosinose 49°79 676 13°91 29°54 4:74 
Myosin-peptone 49°17 685 15°77 2821 5°78 


1 Kiihneand Chittenden. Zeitschrift fiir Biologie. Bd. xxv. p. 358. 
* Chittenden and Goodwin. This Jowrnal, Vol. xu. p. 34, 
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I. Introductory and Historical. 


A complete theory of the so-called “equilibrium” function of the 
internal ear ought to be competent to explain three classes of facts, — 
viz. the equilibrium phenomena of the resting body, those of the body 
moving in a straight line, and those of the body moving in a curve. 
The first comprise statical, the last two dynamical, phenomena. In 
harmony with this classification are the terms statical and dynamical 
functions of the internal ear or of the acoustic nerve. It would perhaps 
not be going beyond the bounds of physical nomenclature, and it would 
certainly be helpful, to introduce into physiology the terms statical and 
dynamical equilibrium, the resting body being normally in the former 
state, the body, when moving normally, being in the latter. The 
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movement of a body in a straight line has been called translatory, or 
progressive; that of a body in a curve about an axis, rotational. — 
Among the multitude of physiologists who have investigated the 
functions in question, a few have recognized clearly the above principles. 
The failure on the part of many to comprehend them has unfortunately © 
introduced confusion into the subject. The mechanism of equilibrium 
has been studied experimentally in a variety of Invertebrates and 
Vertebrates, most carefully in the latter. For the present confining our 
attention to this group, it is generally agreed that the impulses coming 
to the brain, from the eyes, the muscles and the skin are valuable in — 
enabling the central organs to co-ordinate the work of the body muscles 
and thereby maintain equilibrium. But the weight of evidence loca- 
lizes the chief end-organs of the “ equilibrium” sense in the ampulle of 
the semicircular canals and the otolith-bearing parts of the auditory 
vestibule. Of all Vertebrates, Birds and Fishes would a priori be 
expected to yield the best results in a study of equilibrium phenomena, 
since their lives are spent so largely in a fluid medium, out of contact 
with a solid supporting body. As a matter of fact, Birds naturally 
have been most studied and have afforded the strongest evidence. 
Amphibians and Mammals have tended to confirm this. But thus far 
Fishes have appeared to offer exceptions to, and in the minds of some © 
greatly to weaken, or even nullify, the testimony elsewhere obtained. 
The present investigation was carried out, quite independent of previous 
work, from a desire to discover the equilibrium mechanism in this 
group of animals and was unprejudiced by any previous detailed | 
knowledge of the nature of the problem. In going over the literature, 
since it was completed, the writer has been gratified to learn how 
_ closely it harmonizes with the work of others upon other groups, The 
experiments here recounted were performed, with a very few exceptions, 
upon good-sized specimens of Galeus canis (Mitchill), the common 
smooth dog-fish, or dog-shark, of the Atlantic Coast. The few excep- 
tions were five specimens of the skate, Raja erinacea (Mitchill), The 
work was performed during the months of August and September, 
1892, at the Marine Biological Laboratory, Woods Holl, Mass. It is a 
pleasure to acknowledge my great indebtedness to Dr Jacques Loeb 
for valuable advice and suggestions. A brief statement of the results 
of other workers may be of interest and value. 

After Flourens, the most important pioneer work in this field was 
done by Goltz, Mach, and Breuer. The labours of these investigators 
are so well known, that it will suffice to state their views in brief. 
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Flourens (1824, et seq.)! cut the canals in pigeons and other birds 
and in rabbits. As to function, his own words are, “Il y a donc dans 
les canaux semi-circulaires......une force qui contient et modére les 
mouvements. ..... Le canal antérieur modére les mouvements d’arriére 
en avant; le canal postérieur, les mouvements d’avant en arriére; le 
canal horizontal, les mouvements de gauche A droite et de droite a 
gauche,” 

Goltz (1870) removed portions of the canals of pigeons and con- 
cluded, that they constitute “eine Vorrichtung, welche der Erhaltung 
des Gleichgewichts dient. Sie sind,so zu sagen Sinnesorgane fiir das 
Gleichgewicht des Kopfes und mittelbar des ganzen Kérpers.” 

Mach (1873-5) made a great variety of careful experiments upon 
the rotation of men, pigeons and rabbits, and came to the belief, that 
“Die Annahme, dass ein Theil des Labyrinthes Organ der Bewegungs- 
empfindung sei, namentlich dass die sechs Ampullen der Bogen- 
giinge den sechs paarweise entgegengesetzten Grundempfindungen der 
Drehung entsprechen, erklart alle hier beschriebenen und auch die 
Flourens’schen Versuche bis in Detail.” 

Breuer (1873-90) has done the best and most scaebinti experi- 
mental work upon the parts of the ear in the living animal, chiefly in 
pigeons. He has carefully reviewed the results of others, has carried 
the analysis of the subject farther and has drawn wider conclusions 
than any other investigator. He believes “dass die Bogenginge selbst 
nour die Perception von Rotationsbewegungen, Winkelbeschleunigungen, 
besorgen kénnen.” This leaves the sensations of progressive move- 
ments and those that lead to the perception of the position of the body 
in space to be accounted for. These he believes to be mediated by the 
otolith-bearing nerve endings, the maculae acusticae. “Wenn wir 
annehmen, dass die Gravitation der Otolithenplatten, ihr Zug an den 
Zellhaaren, die Nervenendstellen errege und dieser Reiz im Centrum 
die Vorstellung von der Lage des Kopfes hervorrufe, so erscheint der 
Sackchenapparat des Labyrinths als ein véllig geeignetes Sinnesorgan 
zur Perception unserer Lage im Raum. Zu dieser Annahme erscheinen 
wir durch die eben beriihrten Thatsachen berechtigt und gendthigt. 
Veranderungen in den Empfindungen der Otolithenmembranen, welche 
nicht von Rotationsenpfindungen begleitet sind, rufen im Centrum 
die Vorstellung progressiver Bewegung hervor.” 

At about the same time, Crum Brown (1874) stichyinas the pheno- 
mena of rotation in man, came independently to the conclusion that 

1 A bibliographical list will be found at the end of this article. 
PH, XV. 21 
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man possesses & special sense of rotation, the peripheral organ of which 
is constituted by the six semicircular canals. 

Excepting Flourens, the conclusions of these pioneers, while dif. 
fering in details, harmonize in assigning definite functions of the same 
general nature to the semicircular canals. Whether they are sense- 
organs for body equilibrium, or for movement, or for rotation, is for the 
present immaterial. Goltz, Mach, Breuer, and Brown agree in 
regarding them as sense-organs existing at the peripheral end of afferent 
nerves; at the distal end of the efferent nerves, connected in the 
central nervous system with this afferent system, are the skeletal 
muscles, A reflex arc is thus constituted. The impulses travelling 
along the ampullar branches of the acoustic nerve give rise to definite, 
orderly, apparently purposeful reflex actions. It is unnecessary to go 
into the details of the controversy, to which the above work has given 
rise. Most physiologists are inclined to accept the essential truth of 
the views stated. As I have said, Fishes have seemed to afford 
testimony against it. Tomascewicz, Cyon, Kiesselbach, Sewall, 
Steiner, and Loeb have studied the phenomena in these animals. 
Tomascewicz (1877), who holds to the fantastic idea that the canals 
mediate the perception of the direction of sounds, could obtain no 
motor re-actions upon rotating fishes (presumably Teleosts). She de- 
stroyed the labyrinth in six individuals, whether on one or on both 
sides is not stated. Of the two which survived the operation, one 
lived a few hours, the other three days; both swam normally. The 
author does not regard this part of her work as important, and barely 
mentions it in an appendix to a paper that is devoted to a considera- 
tion of the question in higher vertebrates. 

Cyon (1878) destroyed the membranous labyrinth on one and on 
both sides in a few specimens of Cyclostomata (Petromyzon) and always 
obtained forced movements. 

Kiesselbach (1882) cut without result the horizontal canals on 


- one and on both sides in carps. 


Sewall (1884) was the pioneer in the work upon the Blasmobranchs. 
He cut the canals in sharks and rays without effect, stimulated and 
destroyed the ampulla, lacerated the vestibule and removed the otoliths. 
He made a number of interesting and valuable observations of forced 
and abnormal movements, and even noticed some of the eye movements 
following stimulation of the ampulle. But, unfortunately working 
under disadvantages, he studied only the immediate effects of the 
operation (one to six hours) and hence could not — the signifi- 
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cance and mutual relationships of his results. Their inconstancy and 
the impossibility of connecting a particular result with a definite 
portion of the labyrinth prevented him from deducing a general law 
and forced him to the statement, “The positive disturbances of equi- 
librium so often witnessed, the reflex nystagmus following mechanical 
stimulation of the ampullary nerves and the vestibular sacs, and the 
vomiting sometimes succeeding injury of the labyrinth, all point de- 
cidedly toward some sort of functional relation between the ear and 
the sense of equilibrium. But as it appears that the most extensive 
lesions of the labyrinth and its nerves may be completely devoid of any 
effects upon the equilibrium of the fish, it would be a bold assumption 
to consider that apparatus a special sense-organ, in the usual accepta- 
tion of the term, for the preservation of the equilibrium of the body.” 

Steiner (1886-8) worked upon similar forms (Scyllium), He found 
it possible to cut and remove all six canals without causing any disturb- 
ance of movement. Removal of the otoliths on one side, or attempts at. 
removal, with pincers, with or without section of the canals, invariably 
caused disturbances, usually rolling movements to the operated side. 
But removing the entire contents of the labyrinth cavity and filling it 
with paraffin never affected locomotion! The experiments are reported 
briefly and it is impossible to judge of the method or of the care with 
which they were performed. No statement is made of the general 
condition of the animals after operating, nor of the length of time 
during which they were observed. ‘ Winking” of the eyes was noticed 
at times during the operations. This was not given special study, but 
ultimately led the author by a jump to the conclusion “dass die 
halbzirkelfoérmigen Canale der Haifische so wenig wie der N. acusticus 
zu den Bewegungen resp. deren Gleichgewicht in irgend welcher 
unmittelbaren Beziehung stehen und dass die Stérungen, welche man 
nach mechanischem Angriff auf den Vorhof thatsiachlich beobachtet, 
Zwangsbewegungen sind, welche ihre Ursache in einer mittelbaren 
Lasion des Nackenmarkes an der centralen Ursprungsstelle des Hér- 
nerven haben.” 

Of all the investigators of the Fishes, Loeb (1891) has done the 
most valuable and the most suggestive work. He has observed carefully 
and described in detail the phenomena resulting from severance of one 
or both acoustic nerves in Scyllium. He has also removed the otoliths 
from the labyrinths and interpreted the effects in general accordance 
_ with Breuer’s theory of their statical function. The otolithic organs 
are “ geotropic” organs, serving for the orientation of the animal body 
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in relation to the earth. My own results in the matters treated by him 
are in harmony with his. 

As is readily seen from the above references, the question at bend 
has been studied very incompletely in the Fishes. The hackneyed and 
uncertain experiment of cutting the canals has yielded, as might have 
been foretold, both positive and negative results. Most of the experi- 
menters have sought after gross locomotor disturbances simply, forced 
movements; if these fail, the theory is refuted. I trust that the 
following aceount will show that the matter is not so easily settled, 


that, on the contrary, careful experimentation and careful observation 


of details are necessary, that the observed facts can have but one 
interpretation, and that the Fishes bring the strongest testimony to the 
correctness of the theory that localizes in the ear the sense-organs of 
body movement and body equilibrium. 


Il. Anatomy and Methods. 


In the following account, the anatomical nomenclature of Retzius 
is employed, since it is doubtless destined to prevail in Comparative 
Morphology. The terms need no special explanation. Attention is, 
however, called to the fact that Retzius distinguishes the canals and 
their ampulle as anterior, posterior and external, instead of anterior 
vertical, posterior vertical, and horizontal. The anatomy of the ear of 
Galeus canis has not been exhaustively described. It does not appear 
to differ fundamentally from that of other Elasmobranch forms of the 
same Order; and resembles especially that of Acanthias vulgaris 
(Risso), as described by Retzius. The perilymphatic cavity is large, 
irregular, surrounded by cartilaginous walls, and is by no means filled by 
the membranous ear. The latter is anchored in its place by a compli- 
cated network of connective tissue. In the membranous labyrinth an 
elongated utriculus bears at its anterior end, below, a large ovoid 
recessus utricult, containing a macula acustica with an otolith. This 
otolith is flattened and its plane lies in general horizontal, descending 
some 4° to 6° in extending laterally. Dorsal to the recessus the utricle 
receives the anterior openings of the anterior and external semicircular 
canals; at its posterior end it is prolonged dorsally into the large sinus 
superior, into which open the posterior ends of the two mentioned 


- canals. Below, the utricle opens freely by an elongated slit into the 


sacculus. ‘The line of demarcation between these two main divisions of _ 


the-vestibule is not indicated superficially. The sacculus is larger than 
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and lies posterior to and below the utriculus. At its ventro-posterior 
- portion is the small recess, the /agena, the representative of the cochlea 
of higher forms. On its postero-median aspect the sacculus receives the 
ductus canalis posterioris, which places it in communication with the 
posterior canal. It contains a large macula acustica, bearing a large 
otolith, which extends over into the lagena. This saccular otolith is 
flattened laterally and differs from that of the utricle in extending 
_ approximately vertical. Its plane is a somewhat undulating one but 
may be said to incline laterally from the vertical 20° to 25° in 
descending. The lagenar otolith is a knob-like extension of that of the 
saccule. The anterior (vertical) and the external (horizontal) semi- 
circular canals at their anterior ends enter the utricle side by side just 
beyond their ampulle; posteriorly and above, they open into the wide 
sinus utriculi superior. The plane of the anterior canal is not precisely 
a vertical one, but in the normal resting position of the animal usually 
inclines laterally in descending. The angle of inclination is very 
different for different individuals; actual measurements in two speci- 
mens give a value of 1°5° and 7°. The term “sagittal,” so often applied 
to this canal, is a decided misnomer in the present species, inasmuch as 
the canal plane forms a large angle with the true sagittal plane of the 
body (35° in one specimen, 43° in another). (Fig. 1.) The external 
canal: bends strongly but gradually upward at its posterior end. With 
this exception its plane extends laterally, usually in a true horizontal 
direction ; in passing anteriorly it dips from the horizontal plane (11° in 
one specimen, 15° in anothet). The posterior (vertical) canal, as always 
in sharks and rays, forms a complete ring, that communicates by a side 
opening (ductus canalis posterioris) with the postero-median portion of 
the sacculus. Upon the wall of this duct lies the macula acustica 
neglecta, which bears no otolith. The canal bears its ampulla on its 
lowermost outer portion. Its plane is approximately a vertical one. 
Careful measurement in one specimen showed an inward inclination of 
0°5° in descending, in another an outward inclination of 2°. In ex- 
tending posteriorly, it is inclined outward from the sagittal plane of the 
body to a varying extent (37°5° in one specimen, 40° in another), 
forming with the anterior canal of the same side an angle of something 
more than 90° (Fig. 1). Its occasional name of “frontal” is entirely 
inapplicable. For physiological reasons it is interesting to notice, that 
its relations to the body planes are almost exactly the same as those of 
the anterior canal of the opposite side. | 
The ductus Te extends from the anteru-median portion 
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of the saccule upward through the perilymphatic cavity, to the median ~ 


side of the utricle, pierces the careieginous roof of the auditory — 


Fia. 1, 


- Dorsal view of anterior portion of body of dog-fish to show position of semicircular - 
canals. Diagrammatic. 

the sub-cutaneous tissue and the skin, and opens by a small pore to the 
outside. Through it the saccule and hence the whole membranous 
labyrinth are in free communication with the exterior. It contains a 
small quantity of otolithic matter. 

The acoustic nerve enters the auditory capsule through its own 
foramen and separates at once into two main divisions, ramus anterior 
and ramus posterior. The former gives origin to three branches, 
ramulus recessus utriculi, ramulus ampullae anterioris, and ramulus 
ampullae externae, supplying respectively the macula acustica of the 
utricular recess, the crista acustica of the anterior ampulla, and the 
crista acustica of the external ampulla. From the ramus posterior 
come off the ramulus saccult, ramulus neglectus, ramulus lagenae, and 
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ramulus ampullae posterioris, supplying respectively the iaiias acustica 


of the saccule, the macula neglecta, the papilla acustica lagenae, and the 
crista, acustica of the posterior ampulla. The three — branches 
are fairly compact, the others are more diffuse. 

At the outset it was decided to exclude the rough and uncertain 
experiment of cutting the canals. The methods actually employed, in 
testing the functions of the various parts, were of three kinds, viz. 
stimulating the nerve endings, and throwing out of function the end- 
organs by cutting the auditory nerve or its branches, or by removing 
the otoliths. The walls of the auditory capsule being cartilaginous, it 
is. easy with very little bleeding to reach almost any part of the ear. 
The cutting was usually done from above, the perilymph cavity being 
laid open more or less, according to the end desired. Because of the 
presence of the fluids in the cavities, it was thought that mechanical 
stimulation was more exact than electrical, hence the latter was not 
employed. Stimulation was effected by pressing with a blunt needle, 
or a bit of cotton wool, directly upon the part to be tested—in the case 
of the membranous ampullew, upon their surfaces, in the case of the 
vestibule, upon the otolithic masses. The nerve endings are very 
responsive and the slightest touch often brings out the reaction. It 
was found easy to cut the auditory nerve within the capsule and this 
was the method usually adopted, when the whole nerve was to be 
severed. In a very few cases, for special purposes the nerve was cut 
within the cranial cavity. It was definitely proved that the mere fact 
of opening this cavity did not prejudice the conclusions that were 
drawn from these few exceptional experiments. The nerve branches 
supplying the ampulle were cut very readily, those of the anterior and 
the external within the perilymph cavity just at the entrance of each 
into its membranous ampulla, that of the posterior, within its own 
cartilaginous channel at a little distance from its ampullar ending. It 
was found impracticable to cut the nerves supplying the otolithic 
portions without great injury to the membranous jabyrinth. Accord- 
ingly it was sought to throw out of function these parts by removal of 
the otoliths themselves. This somewhat less exact method was accom- 
plished by unroofing the vestibule and, after breaking up the otolithic 
masses with forceps, washing out the contents by a fine stream of 
sea-water from a wash-bottle. Such a procedure had the apparent 
disadvantage of replacing the endolymph with sea-water, but it must be 
remembered that the endolymphatic duct has the cutaneous opening 
already referred to. The composition of endolymph must hence closely 
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approximate, if not be practically identical with, that of the surrounding 
medium. 

During the operation the ani imal was out of water, attached to a 
“shark-board,” devised for the purpose. This consisted of a long, 
narrow flat board,.on which the fish lay, covered closely by a wide- 
meshed piece of fish netting, which was attached firmly to the edges of 


the board. A rubber tube conveyed sea-water from the laboratory 


supply to the animal’s mouth, from which the water ran constantly over 
the gills and out of the gill-slits. In this way respiration was insured 
and it was possible to keep the animal without detriment or discomfort 
upon the table for any desired length of time. The operation could 
thus be performed with entire deliberation. Warned by the work of 
some other experimenters, the greatest care was exercised constantly 
that the surgical work be done exactly and with a full understanding at 
the time of what was taking place. To guard further against unwar- 
rantable inferences, no experiment was accepted as conclusive or 
pertinent, until a post mortem examination had revealed the actual 
morphological results of the operation. After each operation the skin 
wound was sewed up, and the animal was returned to his aquarium and 
finally to a commodious car several feet deep floating in the sea-water. 


Here he was kept for days and his actions were studied frequently. 
The inconclusive results, obtained by some others in this field, seem 


undoubtedly to be due to lack of sufficient care, first, in performing 


the operations, and secondly, in maintaining the animals for after 
study. 


II]. Compensating Movements. 


The necessity of a suitable index of the state of equilibrium of the 
body at the moment of observation is obvious. As is well known, 
when a living animal is thrown out of his normal position, he makes 
certain involuntary movements, particularly of the eyeballs and 


limbs. The evident object of the latter is to counteract the outside 


influence and to return the body to its customary attitude. The eye 
movements are an indication of the efforts of the animal to retain 
the optical sensations customary to the normal position. Breuer 
(1875) gave the name “compensirende Bewegungen” to such move- 
ments. Compensating movements of the eyeballs and fins are well 
marked in the dog-fish and it is meceunaty now to turn our attention to 
a study of these. 
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A few words of anatomy by way of introduction. The fins of. the 
dog-fish are eight in number, four paired and four unpaired. The two 
large pectorals project normally 20° to 45° ventro-laterally from the 
ventro-lateral aspect of the body opposite the posterior gill slits. 
The two pelvics are much smaller and less mobile and are situated . 
about midway of the length of the body on its ventro-lateral aspect. 
Halfway between them and the tip of the tail in the mid-ventral line 
is the single small and comparatively unimportant anal fin. In the mid- 
dorsal line are the anterior and posterior dorsal fins, the former large, 
mobile and occupying the space opposite the interval between the 
_pectorals and pelvics; the latter, smaller and stiffer, lying opposite the 
anal. The irregular caudal fin extends for a considerable distance along 
the dorsal and ventral median lines but consists of short fin rays only 
slightly movable in themselves. The power of the fins to make compen- 
sating movements diminishes in an antero-posterior direction, the most 
delicately responsive and the most contractile ones being the two 
pectorals and the anterior dorsal. Even these, however, do not in 
these respects equal the eyeballs. More attention was hence paid to 
the movements of the latter. In the normal resting position the eyes 
look laterally (Fig. 2), in compensation they may be turned upward 
or downward, forward or backward, or may be rotated about their visual 
axes, 


Fie, 2. 


Lerr 


Normal resting position of eyes. A=anterior pole; P=posterior pole. The left eye 
is represented as seen from the outside, the right as seen from the median side. The 
straight lines indicate the true horizontal plane of the eyeballs. All subsequent figures 
are constructed upon the same plan as Fig. 2. 

In the following experiments, continuous rotation was never tried, 
the object being not to study the phenomena of dizziness but the 
simple results of throwing the body suddenly out of equilibrium about 
any one of the three chief body axes, the longitudinal, the vertical 
and the transverse. Rotation about other axes was not studied, as 
such movements are compound ones, always capable of resolution into 
elements involving at least two of the chief axes. For example, 
rotation in the plane of a vertical semicircular canal always involves 
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rotation about the longitudinal and transverse axes. ~The normal 


resting position of the fish is of course that in which the longitudi sang 


and transverse axes are horizontal, the dorso-ventral axis vertical, the 
back upward, the belly downward. If the animal be held in the hands 
in this position, either in the air or water, and then be turned suddenly 
a few degrees about any one of his axes, the iti. phenomena may 
be observed : 

1. When rolled about the longitudinal axis, 


(a) to the left: 


‘Left eyeball rolls straight upward. 

Right ,, downward. 

Left pectoral and pelvic fins bend strongly downward. 
Right upward. 


Dorsal fins bend sitanaly to the left. 
Anal fin bends slightly to the right. 


It is seen that the eyes and fins rotate in opposite directions as 
regards the longitudinal axis of the body, the eyes in a direction 
opposed to that of the body movement (or, when looked at from 
behind, with the hands of a watch), ie. for the purpose of maintaining 
the sensations of the resting position; the fins in the same direction 
as the body movements (or, contrary to the hands of a watch), i.e. to 
resist the change of position. It is a fact of great interest and 


importance that the compensating positions are maintained:-as long 


as the animal is held upon his side. This indicates conclusively that 
while he continues in his new position, a constant stimulus is being 
applied to his equilibrium organs; i.e. in the process of turning him 
upon his side and keeping him there, both dynamical and statical 
organs are brought into action. It should be remembered that all the 
phenomena here mentioned are marked in a diminishing ratio in the 
eyes, the large pectoral and the anterior dorsal — and the more 
posterior appendages. (Fig. 3). 

(b) to the right: 

The movements are just the reverse of the above, viz. : | 

Left eyeball rolls straight downward. 


Left pectoral and pelvic fins bend strongly upward. 
Right ‘i downward. 
Dorsal fins bend strongly to the right. he 
- Anal fin bends slightly to the left. 
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The maintenance of the positions is the same asin lu. (Fig. 3.) 


: ee positions of eyes for body positions 1a (upper figures), and 1b (lower 
gures 
2. When rolled about the vertical axis, 
(a) to the left: 
Left eyeball rolls straight forward, ie. anteriorly. 
Right _,, ” back ward, i.e. posteriorly. 
Paired fins do not move. 
Dorsal fins bend to the right. 
Anal fin bends to the left. | 
The new positions are maintained only during the movement, both 


eyes and fins returning to their normal places as soon as the body 


comes to rest, ie. here dynamical organs are alone brought specially 
into function. (Fig. 4.) 
(b) to the night: 
The movements are reversed : 
Left eyeball rolls straight back ward. 
Paired fins do not move. 
Dorsal fins bend to the left. 
Anal fin bends to the right. 
The maintenance is as in 2a. (Fig. 4.) 


3. When rolled about the transverse axis, 
(a) the head lowered: 


Left eyeball rolls its anterior pole upward. 
» posterior pole downward, i.e. rotation about 


Right eyeball rolls similarly. 
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All paired fins bend dorsalward. 
Median fins do not move. ! 


Fie. 4. 
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RIGHT. 
Compensating positions of eyes for body positions 2a (upper figures) and 2b (lower 
figures). 
Asin 1 a, and 1 b, the new positions of eyes and fins are maintained 
while the body is held in its abnormal attitude. (Fig. 5.) 
(b) the head raised : 
The movements are reversed : 
Left eyeball rolls its anterior pole downward. 
7 » posterior pole upward. 
Right ‘eyeball rolls similarly, 
All paired fins bend ventralward. 
Median fins do not move. — 
The maintenance is asin 3a. (Fig. 5.) 
| 


KO 


Ricut 
Compensating positions of eyes for body positions 3a (upper figures), and 3b (lower 
figures). 
4. When rolled simultaneously about two axes: 
The compensating movements are always a combination of the | 
movements accompanying rotation separately about the same axes. 
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All the above-mentioned compensating movements are evidently 
reflex actions, that are produced through afferent impulses affecting 
the centres fur the contraction of the eye and fin muscles. Our next 
inquiry shall be concerning the sensory end-organs of the reflex arc. 


IV. The Acoustic Nerve. 


As Loeb has already pointed out, cutting the acoustic nerve of one 
side produces well-marked and constant statical and dynamical effects. 
As regards the statical phenomena, within a few minutes the eyeball of — 
the operated side becomes deflected slightly downward. The deflection 
increases until, before an hour has passed, the visual axis may be inclined 
20° to 40° downward from the horizontal and at the same time turned 
slightly posteriorly. The eye of the opposite side in the meantime turns 
to a less degree upward and slightly forward. The pectoral and pelvic 
fins of the operated side are deflected dorsalward from the normal so 
that they come to project from the body more nearly in a horizontal 
plane, while the corresponding fins of the opposite side are bent more 
_ ventralward than the normal. The dorsal fins, especially the anterior 
one, are bent away from the operated side, the anal fin slightly toward 
this side. That is, looked at from behind, in the case of section of 
the right auditory nerve the eyes are misplaced in the direction of the 
motions of the hands of a watch (plus the slight obliquity) and the 
fins in the opposite direction; and vice versa with section of the left. 
The abnormal positions are permanent (at least for two weeks, which 
is the longest time that an operated animal has been kept-alive and 
studied). These results are the same as those obtained in, the study of 
compensating movements by turning the animal's body about the 
longitudinal axis into the positions 1 a, or1 b. (Fig. 3.) Cutting the 
left auditory nerve, for example, displaces the eyes and fins in exactly 
the same manner (except the slight antero-posterior displacement of 
the former), as turning the normal body about the longitudinal axis 
to the right and holding it there. Is it unreasonable to believe that 
essentially the same sensations prevail in the two cases? In the case 
of passive rotation, the displacement of the parts continues as long as 
the sensations of abnormal position continue; in the case of cutting 
the nerve, may not the permanent displacement of the eyes and fins be 
regarded as evidence that the sensations of rotation to the right are 
_ permanently present? The paired fins of the operated side are held 
slightly closer to the body than those of the opposite side. Along with 
the changes in the positions of the organs mentioned, the whole body 
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of the fish is curved markedly to the operated side and reclines to— 
a slight extent upon this side. If the animal be seized by the hand 
in the water, he struggles to free himself, like a normal fish. He resists 
attempts to turn him upon his uninjured side, but usually becomes 
quiet as soon as the operated side is turned edvobem This is often 


very marked. 


As regards the dynamical effects following section of the acoustic, 
the most common one is the production of beautiful rolling movements 
toward the operated side about the longitudinal axis accompanying. 
forward progression. A few rolls often occur at once after the operation, 
when the animal is returned to the water, but usually he remains for 


_ @ time rather sluggish and rolls persistently only after the lapse of a 


few hours. Normal progression seems always possible ; though even in 
this case there is a tendency to a depression of the operated side, the 
animal swimming with this side lowered often 10° to 20° from the hori- 
zontal. But, often of his own accord and almost invariably upon stimu- 
lating him to quick movements, the rolling begins and accompanies the 
onward progression, it may be for two or three minutes, before he 
finally comes to rest in the customary attitude upon the bottom of the 
car. After ten operations on dog-fish and five upon skates, the 
rolling was absent in no case in the former, and in one only in the 
latter, this skate being very much exhausted by the operation and 
surviving it less than four hours. Skates sometimes roll without 
onward progression and with their longitudinal axis almost vertical in 
the water. This has not been seen in sharks. The animals retain the 
rolling power throughout life. Occasionally there is a tendency toward 
circus movements, i.e, about the animal’s vertical axis, toward the 
operated side, but this has never appeared pre-eminent. Somersaults, 
i.e. turning about the transverse axis, have never been seen, nor, 
according to the theory that will be developed later, ought they to 
occur. The compensating movements of the eyes and fins are still 
possible in all three planes, after one acoustic nerve is cut, but 
they are much weakened and sometimes difficult to observe. In 
studying them, it must be remembered that the parts in question are 
already out of their normal position and the compensating efforts result 
mainly in increasing or diminishing the abnormality. The presence of 
one acoustic with its end-organs, however, seems all that is necessary to 
the carrying out of the movements themselves. ) 

Cutting both acoustic nerves causes no abnormality in the position 
of either eyes or fins and no curving of the resting body. Statical 
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equilibrium, however, seems very completely done away with. The 
animal may be placed upon his belly, his back, or either side without 
manifesting objection, and, after swimming, he may come to rest in 
any one of these positions. In reclining, he is perhaps most easy 
in his customary resting position with belly downward, yet he does not 
appear to be seriously inconvenienced by any other attitude, and, when 
supported by the side of the tank, has been seen to rest standing upon 
his head. Dynamically also he lacks equilibrium. He may, it is true, 
swim in his normal manner, but he swims with almost equal readiness 
upon his back or even upon his side. He may roll about his longi- 
tudinal axis to either side, or make circus movements about the 
vertical axis. No one kind of movement continues long, the swimming 
being very irregular. Compensating movements are entirely done away 
with, although the animal is able voluntarily to move his eyes and fins. 
The only justifiable inference is that, in cutting the acoustic nerves, 
we have separated from the brain the sense-organs that mediate the — 
afferent impulses of the reflex compensating act. 

In brief, then, section of one acoustic nerve interferes to some 
extent with both statical and dynamical equilibrium, by causing an 
abnormal position of the trunk, the eyes and the fins, and forced 
movements; but compensation is still possible. Section of both 
acoustics destroys much more completely the sense of both statical and 
dynamical equilibrium, even to the extent of doing away with the 
compensating power. 

These phenomena of the cut acoustics may be explained with | entire 
satisfaction by the theory—and, it seems to me, only by the theory— 
that the fibres of the acoustic nerve supply the leading end-organs of 
the senses both of statical and of dynamical equilibrium. Each 
acoustic with its organs is pre-eminent for its own side of the body, 
and, in the normal resting position, mediates pre-eminently the normal 
statical sensations of its own side. If the body be turned out of its 
normal position toward one side and be maintained in a new position, 
the acoustic of that side pre-eminently mediates the accompanying 
dynamical and statical sensations. But the other acoustic functions at 
the same time to an appreciable, though a less, extent. Hence each 
nerve possesses a principal and a subordinate equilibrium function, the 
former dealing with motions toward the side of the body on which the 
nerve lies and the corresponding resting positions, the latter with 
motions toward the opposite side and the corresponding resting 
positions. Cutting one nerve leaves the animal to be guided only by 
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the unbalanced sensations communicated from the other side. The 
result may easily be that, in resting in the normal position, he has the 
illusion of a depression of the uninjured’ side, as though it were over- 
weighted. This causes an actual compensating depression of the 
operated side, and corresponding compensating displacements of the 
eyes and fins; when held in the hand, he is most quiet with the 
operated side turned downward. If he attempts to swim, there is an 
analogous lack of balance in his.dynamical sensations; he feels that his 
body is being rotated toward the uninjured side ; to prevent which, an 
actual “forced” movement of rotation toward the injured side occurs. 
Theoretically, this rotation,may be either in a vertical or a horizontal 
plane, i.e. about the longitudinal, or about the vertical axis; as a matter 
of fact, in my own experiments the former has been most pronounced. 
Further, since each nerve has a subordinate, as well as a principal 
function, normal compensation of the eyes and fins is still possible. 
- Cutting the other nerve, however, equalizes the matter once more. 
There is no longer a lack of balance of the equilibrium sensations. 
The leading ones are entirely wanting. The animal doubtless gets 
some help from optical, tactile, muscular and perhaps other sources. 
The body is righted and straightened, the eyes and fins assume their 
normal positions, normal body position and progression are, as always, — 
possible, but the fish is nearly as well satisfied to rest upon his back — 
or his side as upon his belly; and, in swimming, irregularity is as 
frequent as, or more frequent than, the reverse. Compensation is no 
longer possible. 

So far the facts and their explanatory hypothesis in gross. We 
ought to go much farther than this, however, both in the analysis of 
the facts and in the completeness of their explanation. For this, | 
we must turn to experiments upon the various branches of the acoustic 


nerve and learn whether it is not possible to localize in definite parts of 
the ear the functions in question. — 


V. The Semicircular Canals. 


1. The anterior canals. 


Stimulating the ampulla of one anterior canal causes the eyeball of 
the same side to roll upward, the anterior pole somewhat more than the 
posterior, so that the eye, while as a whole being turned upward, 
becomes rotated obliquely about the visual axis; at the same time the 
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opposite eye rolls downward, the posterior pole more than the anterior, 
hence also os an oblique position (Fig. 6). 
“Fie. 6. 


LEFr Rigut 
Position of eyes upon stimulation of the left anterior ampulla. 

These movements are evidently combinations of the normal com- 
pensating movements, obtained by turning the body in the sagittal and 
the transverse-vertical planes, and are exactly what would be expected 
to result from movement of the normal body in the plane of the canal, 
whose ampulla is stimulated. For example, turning the normal body 
about the transverse axis, head downward (position 3 a), causes the left 
eye to become oblique with the anterior pole upward, the posterior pole 
downward, the right eye taking a similar position (fig. 5); turning about 
the longitudinal axis to the left (position 1 a) causes the left eye to roll 
upward, the right eye downward (fig. 3). Turning the body about both | 
the axes at once, ¢.¢. in the plane of the left anterior canal, must cause a 
combination of the rolling and the obliquity of each eye, and that is 
exactly what is seen when the left anterior ampulla is stimulated. The 
same reasoning may be applied to the fins, for stimulation of one 
anterior ampulla causes the paired fins of the same side to bend slightly 
downward, those of the opposite side strongly upward, the dorsals to the 
stimulated side. 

Stimulating both anterior ampulle simultaneously was not tried. 
But the result may readily be inferred. Left stimulation causes the 
positions shown in Mg 6, right stimulation those in Fig. 7. | 

Fra. 7. 


RIGHT 
Position of eyes upon 1 of the right anterior ampulla. 

Hence, with bilateral stimulation, the vertical element in the move- 
ment would be eliminated and the obliquity alone would remain, Le. 
exactly the condition of things with the normal animal in position 3 a 
(Fig. 5) and, as we shall see, the permanent position of the eyes of the 
fish both of whose posterior ampullar nerves are cut (Fig. 12). 
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Cutting the nerve of one anterior ampulla may cause to a slight 
extent the same abnormal resting positions of eyes and fins and trunk 
that cutting the whole acoustic causes. But all such abnormalities are 
uncertain in their appearance and not continuous. The animal swims 
normally and well. No forced movements are ever seen. Compensation 
is well marked and normal, with one interesting exception. In position 
3a the eye of the operated side, while taking the normal oblique 
‘ position, becomes also rolled somewhat downward, the opposite one 
somewhat upward. In position 36 the reverse movement takes place 


(Fig. 8). 
Fria. 8. 
Lert Rieut 


Compensating positions of eyes for body positions 3 a (upper figures) and 3b (lower 
figures), after section of the left anterior ampullar nerve, 
Cutting both anterior ampullar nerves causes the two eyes to 


become oblique, their anterior poles being depressed, their posterior 
a elevated (Fig. 9). 


<p 


It will be noticed that this is exactly the same result as that 
obtained by placing the normal animal in position 3b (Fig. 5). There 
is a marked tendency on the part of the animal to remain upon the 
bottom of his tank and a great disinclination to rise up to the surface 
of the water or to be held horizontal in the hand. [If this latter be 
done and he then be set free, he at once dives with head downward 
striking the bottom with the tip of his nose and then coming to reston — 
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the horizontal floor, or swimming about close to it, probably with - 
guiding sensations obtained by touching the bottom. This movement 
is very pronounced and characteristic. It must be regarded as a true 
forced movement, entirely analogous to the rolling after section of one 
acoustic. The compensating movements appear somewhat weak, irre- 
gular and indefinite. They seem to be normal for positions 1 a and 1 8, 
2a and 2b, and3b. For 3a they are usually entirely wanting. 

The results of stimulating and of cutting the anterior ampullar 
nerves justify the inference that their canals are the functional 
dynamical organs in rotations forward and downward about the trans- 
verse axis of the body and in all compound movements in which this is 
one of the component. elements. Each canal is in most complete 
activity, when the movement is in its own plane and in the direction of 
its ampulla (cf. Fig. 1). The nerve endings are stimulated by the 
endolymph flowing through the ampulla from the utriculus toward the 
canal. In all forward rotational movements in vertical planes lying 
between the planes of the two canals, the latter function together as a 
double organ ; in the true sagittal plane, they act to an equal degree ; 
in all planes lying between the sagittal plane and the plane of either 
canal, the canal of that side is functionally predominant over the other. 
Throwing out of function one canal does not seriously interfere with the 
actions of the individual—the interesting alteration of eye compensation 
for position 3a will be discussed later. But bilateral nerve section 
removes an important link from the chain of equilibrium sensations, 
destroys the compensating power of the eyes for movements once 
_ appreciated by the now useless canals, and leaves the posterior canals 
only to deal with vertical rotational movements. As we shall see later 
the chief function of these organs is the reverse of those under discus-. 
sion, viz. the appreciation of backward movements about the transverse 
axis, With these only in function, the fish feels all movements about 
this axis to be more or less in a backward direction; when disturbed, 
he has the sensation of backward tumbling. To counteract this, the 
eyes compensate and he makes the characteristic “forced” forward dive. 


2. The posterior canals. 


The results here obtained are entirely analogous to those just 
discussed. Stimulating the ampulla of one posterior canal causes the 
eyeball of the same side to roll upward, the posterior pole moving 
farther than the anterior, so that, together with the upward movement, 
22—2 
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there is obliquity about the visual axis; the opposite eye rolls down- 


ward, the anterior pole more than the posterior, hence also an obliquity 
in the same sense (Fig. 10). 


Fia. 10. 


Position of eyes upon a of the left posterior ampulla. 


As with anterior stimulation, we have here also a compound move- 
ment, made up of a vertical and an oblique element. If, as in the 
figure, the operation be performed upon the left side, the vertical 
element is that of the normally compensating animal moved into 
position 1 a (Fig. 3); while the oblique element is that of the animal 
in position 3b (Fig. 5). But movements 1a and 36 performed simul- 
taneously are equivalent to a backward rotation of the trunk in the 
plane of the left posterior canal. Hence it follows that the function of — 
this canal, like that of the anterior, is the appreciation of movements in 
its own plane toward its ampulla, the stimulus arising likewise by the 
endolymph rushing through the ampulla toward the canal proper. 
The fin movements resulting from unilateral stimulation harmonize 
with this view—the paired fins of the same side downward, of the 
opposite side upward, the dorsals to the side stimulated. The posterior 
canal may hence be called the functional opposite of the anterior 
canal of the other side. Lying essentially in the same plane, the two 
appreciate rotations in the same plane but in opposite directions. 
Stimulation of both posterior ampulla together would doubtless 
neutralize the vertical element in the above eye movements and cause 
those of position 3b (Fig. 5)—a result also produced, as we have 
already seen, by cutting the nerves of the two anterior ampulla. We 
must hence infer that in all backward rotations of the body in the 
sagittal plane the posterior canals are the functional ones and the 
functional opposites of the anterior. Cutting the nerve of one posterior | 
ampulla has so far not been seen to cause statical abnormalities. In 
his usual movements too the animal seems entirely normal. Compen- 
sation in positions la and 16 and 2a and 2b appears normal and 
strong. But in 3a and 3b there are modifications, entirely analogous 
to those observed in the exclusion of one anterior canal; for example, 
in 3a the eye of the operated side compensates normally but at the 
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same time rolls upward, the opposite eye also normally but with a 
downward roll; in 36 exactly the reverse takes place (Fig. 11). 


11. 


RIGHT 

of eyes body positions 3 a (upper figures) and 3b 

figures), after section of the left posterior ampullar nerve. 

These compensations are the same as those seen after cutting the 
anterior ampullar nerve of the opposite side, the significance of which 
fact will appear later. 

_ The phenomena that follow section of both posterior ampullar 
_ nerves, present also interesting analogies to those following anterior 
section. The two eyes are oblique but with their anterior poles raised 


and their posterior poles depressed (Fig. 12). 


G. 12. 
7 
Resting position of eyes after section of both posterior ampullar nerves, 


It will be seen that this is the same position as in 3a of the 
normal animal (Fig. 5). While the lack of functional anterior canals 
causes the animal to dive downward, the cutting of the posterior nerves — 
causes quite the reverse. When returned to the water after the 
operation, the fish is very uneasy, but disinclined to swim deeply; he 
remains near the surface, at times thrusting the head far out of water 
and turning backward, as if endeavouring to turn backward somersaults. 
Later he becomes more quiet, yet, if depressed beneath the surface, 
always tends to shoot upward, thrust the nose out of water and swim 
continuously with the body nearly vertical, the head upward and the 
tail downward. A completely vertical position is often reached, and is 
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sometimes surpassed so that the dorsal surface is turned actually 
slightly downward. This upward and backward movement with anterior 
canals intact, is to be contrasted with the downward, forward dive of 
the fish, which possesses only his posterior canals. Both are true forced 
movements, the one being the counterpart of the other. Compensation 
is apparently normal in all positions, except 3b, where it is usually 


wholly wanting. These results indicate that a fish with functionless 


posterior canals has the sensation of a constant tumbling forward,. hence 


‘the compensating backward movements. We might indeed use exactly 


the same language regarding the function of these canals that we have 
used on pages 323, 324 with reference to their anterior counterparts, 
substituting only the words posterior, anterior, backward, and forward 
respectively for “anterior,” “posterior,” “forward,” and “backward.” 
Each posterior canal functions most completely in backward rotations in 
its own plane; each pairs with its fellow in rotational movements in 
planes lying between the two. These canals are in all senses the exact 
functional counterparts of the anterior pair. 


3. The anterior and posterior canals combined. 


The effects upon the eyes of stimulating the anterior and the — 
posterior ampulla have already been given. For left stimulation they 
are shewn again in Fig. 13. 


‘Fia. 13. 


RiGHT 


Positions of eyes upon pre of the left anterior ampulla (upper figures) and the 
left posterior ampulla (lower figures). 


Stimulating both together would probably eliminate the obliquity 
and give the position represented in Fig. 14, ie. the same as normal — 
compensation in position 1 a (Fig. 3). 

It would seem, then, that when the normal animal is turned about | 
his longitudinal axis, the anterior and posterior canals together mediate — 
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the sensations and preeminently those canals of the side toward which 
the movement takes place. That is, just as in rotations in the sagittal 


Fre. 14. 


RIGHT 
posterior ampulla. 
plane, there is a pairing of anterior canal with anterior and of posterior 
with posterior, so, in rotations in the frontal plane, there is an analogous 
pairing of left anterior with left posterior and of right anterior with 
right posterior. Each lateral vertical pair has likewise its functional 
opposite. In movements in the true frontal plane the two canals of the 
same side act to an equal degree. As the plane of rotation approaches 
more nearly that of the anterior canal, the latter becomes functionally — 
more important and finally all important, when the two planes coincide ; 
and vice versa for the posterior canal. The effect of cutting the nerves 
of these two canals was studied in several sharks with interesting 
results, viz. tendency of the body to recline with the operated side 
somewhat downward, the eye of this side strongly downward (usually 
also with a slightly posterior position), the opposite eye strongly upward 
(and slightly forward); the fins bent in the direction opposite to the 
eye displacements; in swimming, tendency to keep the operated side 
somewhat downward, often passing into typical continued rolling move- 
ments toward this side. Compensation in all positions is possible, 
though usually not so strong as in the normal animal. When held in 
the hand, the fish may easily be turned about the longitudinal axis 

toward the operated side but resists turning in the opposite direction. 
These results are entirely analogous to those of bilateral anterior or 
posterior ampullar nerve section, and confirm the above deductions 
regarding the pairing of the two vertical canals of the same side in 
rotations about the longitudinal axis. They also furnish the key to 
many of the phenomena following section of the acoustic nerve. The 
latter phenomena comprise all of the former. Inasmuch as this is the 
case, the deduction is not only justified but is inevitable that these 
constituents of the whole result of acoustic section are to be referred to 
the anterior and posterior ampullar components of that nerve. The 
parallelism of effects is bilateral as well as unilateral. The nerves of all 
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four vertical canals were cut, leaving the horizontal canals and vestibular 
parts intact and functional. In this state, at rest the eyes and fins are 
entirely normal in position; they are capable of normal movements ; 
compensation is still possible in positions 2a and 26, ie. in hori- 
zontal rotations, but is entirely wanting in positions 1a and 16 and 
3a and 35, ie. in all vertical rotations. The animal may swim 
normally, but at times shews beautiful continuous rolling about the 
longitudinal axis to the right side or to the left. His dynamical 
equilibrium as regards vertical rotations seems very much disturbed. 
His statical equilibrium is in general good, although occasionally 
after swimming he has been seen to settle down upon his back or 
his side, 

Lastly, some interesting facts were brought out by diagonal opera-. 
tions upon the vertical canals. Simultaneous stimulation of the anterior 
ampulla of one side and the opposite posterior would probably cause no 
movement of the eyes, the tendencies toward movement being in 
opposing directions and hence neutralizing each other. The effects of 
section of two such nerves have been actually observed and are as 
follows: a strong tendency toward a lateral bend of the trunk of the 
body, manifested at times by jerking from side to side; at rest, no very 
marked abnormality of eyes and fins (in the most successful case, where 
the left anterior and the right posterior were severed, the eyes and fins 
-manifested a slight tendency toward the abnormalities of the single cut 
anterior); in movement, a swaying from side to side about the longi- 
tudinal axis, amounting even to an occasional half roll or a complete | 
rolling over; no continuous rolling movement, as in the case when the 
two verticals of the same side are cut. The compensating power of 
such an animal is normal for positions 1a and 16 and 2a and 25; 
for positions 3 a and $6 it is exactly what it would be, if either nerve 
alone were cut, but the effect is more intense, the eyes, while compen- 
sating as in a normal fish, moving strongly upward or downward as the 
case may be (see pages 328, $24). This at first sight strange result 
appears to contradict our theory of the functions of the canals. In 
reality it enables us to perfect and complete it. To explain the facts, 
we must refer back to the experiments already detailed. Why, for 
example, if the view already stated of the combined action of the two 
posterior canals be correct, do not the eyes of a fish, whose left anterior 
_ ampullar nerve alone is severed but both of whose posterior ampullar 
nerves are still functional, compensate in position 3b entirely like a 
normal animal? (See fig. 8, lower figures.) Evidently not alone do the 
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posterior canals act in backward sagittal rotation. Similarly, the result 
| represented in Fig. 11 (upper figures) shews conclusively that likewise 
i in forward rotations the anterior canals are not the sole signalling 
| organs. In. fact we are forced to the conclusion that, when any one 
‘ canal or pair of canals is acting, its functional opposite is also acting. 

hs In other words, just as each acoustic nerve has a principal and a 
| subordinate function, so has each ampullar branch of the acoustic. The 
a principal function is the transmission of impulses of rotations in the 
plane of its canal toward its ampulla, the subordinate is the transmission 
of impulses of like rotations in the opposite direction, or away from its 
ampulla. The former is called into action by the flow of endolymph 
through the ampulla into the canal, the latter by the flow in the 
opposite direction. The principal function of one vertical ampullar 
nerve, or ampulla, or canal is the same as the subordinate function of 
that diagonally opposite—in other words, the functional opposite ; hence 
if both nerves be rendered functionless, the effects are more intense 
than with one. This principle of a double function likewise pertains to 
the organs when functionally paired, the principal function of each pair 
being the same as the subordinate of the functionally opposite pair. 
The idea of a double function for each ampulla is not a new one. It 
has been discussed and experimentally verified by Breuer and others 
for higher animals, and is essential to the interpretation of the facts. 
It necessitates the hypothesis of two functionally different kinds of 
nerve endings in the crista acustica. It may be asked, why do we 
not, then, in the fishes, upon stimulation of the ampulla obtain motor 
reactions, indicating a subordinate function? I reply that, so far, this 
point has not been studied experimentally. My own method has been 
to stimulate the ampulla as a whole; and the fact that the subordinate 
reactions have never been obtained, proves of itself only that, if two 
functions are localized there, one must be subordinate to the other. I 
\ shall hope later to bring forward conclusive experimental proof of the 

presence of both. 

We here leave the discussion of the vertical canals. The mutual 
bearings of the facts and the inter-relationships of the orgaus are 
manifold and much might be said still along these lines. Enough has, 
however, been presented to illustrate clearly the principles, to which 
the facts lead us. The proof of the dynamical rotational function of 
the canals seems abundant. Their double function and their pairings 
enable the animal to appreciate all vertical rotations whatsoever. 

Horizontal movements must next be considered. 
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‘Sdmalelinn of the ampulla of one external canal causes the eye- 
ball of the same side to roll straight forward, that of the mi side 


Fie. 15. 


RiGcHT 


| 
straight backward (fig. 15). 


Position of eyes upon stimulation of the left external ampulla. 


The dorsal fins bend away from the side stimulated, the paired fins 
| do not move. These movements are the same as those of ncrmal 
| com pensation in position 2a (fig. 4), and it follows that each external 
| canal is called into action by horizontal rotations toward its own side of 
| the body. 
| As regards the effect of cutting the external ampullar nerves, my 
. records at present are incomplete. Cutting the nerve of one side does 
not: necessarily affect the resting condition of the eyes or fins. The 
eyes have been seen to be in a position exactly the reverse of that 
produced by stimulation, but often they remain entirely normal. At 
times the body is curved toward the operated side. No definite 
* dynamical results have been made out, although circus movements 
| might perhaps have been expected. The compensation also seems 
iy normal, though at times apparently weak in positions 2a and 20. 
| In fact, so far as my few observations have gone, the animal appears 


usually quite normal. One external canal is evidently sufficient for 
| both sides of the body. Stated in the language now familiar to us, 
4 each horizontal canal, or ampulla, or nerve has, like each vertical or 
- the whole acoustic, two functions, the principal one dealing with 
rotations toward its own side, the subordinate one with rotations toward 

| the opposite side. Cutting both external ampullar nerves introduces 

i _ marked changes. No static abnormalities result. The animal prefers 

| | i to remain at rest on the bottom of the car or to swim quietly near the 
: bottom, frequently in small circles to the right or to the left with the 
i body kept horizontal, and turning often quickly and sharply. If 

| touched upon the side of the head, he shoots quickly in a horizontal arc 
away from the object. Good typical circus movements may be present 
in the true horizontal plane; such an animal has also been seen to 
stand erect in the water, and for several seconds turn the most beautiful 
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rapid somersaults to one side in a small vertical circle, z.¢. in the plane 
of his own external canal. Compensating movements are normal and 
strong in all vertical planes, but in the horizontal plane they are entirely 
wanting, although the animal has the power voluntarily to move his 
eyes and fins in all directions. 

The dynamical rotational function of the external canals is evident 
and needs no further discussion. The analogy with the vertical canals 
is very close, Each horizontal stands to the opposite one in the same 
functional relation as each vertical to the one diagonally opposite, in 
both cases the principal function of one being the same as the sub- 
ordinate function of the opposite. As to the mode of normal stimulation, 
there is one difference. Since the ampulla is situated at the anterior 
end of the external canal, the direction of the endolymph current, that 
calls forth its chief activity, is from the canal through the ampulla 
toward the utriculus; the opposite direction calls forth the subordinate 
function; with the verticals, as has been seen, the case is exactly 
reversed. This seemingly curious fact appears to depend wholly upon 
morphological considerations and probably has no special physiological 
_ significance. The question of a possible pairing of the horizontal canal 
with either of the verticals has not been tested experimentally.. Such 
a functional combination, however, goes without saying. In this way 
we fairly may suppose all rotations in antero-horizontal and postero- 
horizontal planes to be appreciated or in other words, all rotations 
involving simultaneously the three chief body axes. Not only is the 
horizontal canal entirely analogous to either vertical in its mode of 
working (except the direction of the endolymph current), but the laws 
of pairing should hold good for the former as well as the latter. Just 
as each single vertical or horizontal canal, or each vertical pair, has its 
functional opposite, so should each antero-horizontal pair have its opposed 
postero-horizontal and vice versa, with opposed principal and subordinate 
functions. 

One word regarding the phenomena of the cut acoustic nerve. As 
already stated, circus movements have occasionally appeared as a result 
of this operation. These undoubtedly have their origin in the external 
ampulla of the opposite side. After this operation all horizontal move- 
ments stimulate only the uncut nerve of that ampulla. The sensations 
of rotation about the vertical axis to that side preponderate, resulting 
in a compensating rotation to the injured side. A similar explanation 

may suffice for the curved condition of the trunk semen seen after 
acoustic section. 
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~All canals combined. 


Tf all the canals of one side be thrown out of function by cutting 
their nerves, the result is much the same as that after the whole acoustic 
is severed, viz. at rest, slight statical effects manifested by the abnormal 
positions of the eyes and fins, curvature of the body toward the injured 
side, and tendency to recline with this side slightly downward; in 
movement, the injured side is held somewhat downward in otherwise 
normal swimming, the fish often darting off upon this side. This 
tendency to depression passes sooner or later into genuine rolling about 
the longitudinal axis toward the operated side ; the compensating power 
in all positions is present but weakened. So too the section of the 
nerves of all six canals causes, so far as has been observed, effects similar 
to those of section of both acoustics, viz. the eyes and fins are normal in 
position ; the fish swims on his belly, back or side, and comes to rest 
in any one of these positions; after settling on his back or side he 
apparently tries to return to his normal position but finds it difficult or 
impossible to do so ; compensation is wanting in all movements. 

It might seem to be a question whether, in these last two experi- 
ments dealing with all canals upon one or both sides, as in other cases 
of ampullar nerve section, the animal’s sense of statical equilibrium also 
is not really interfered with. Abnormalities of position are, it is true, 
often present, but from them to ascribe a statical function to the 
ampulle would seem to be hasty and illogical. On the contrary, that 
they are capable of explanation by the undoubtedly existing abnormal 
dynamical sensations, I myself have no doubt. I believe the facts so far 
to shew that the statical abnormalities resulting from section of the 
acoustic have a twofold origin—partly from the loss of true statical 


- organs, partly from the loss of organs essentially dynamical. Without 


more experimental data, however, I would be loath to discuss this 


question. I may add that Breuer also derives in the higher animals 


the abnormal positions after acoustic section partly from ampullar and 
partly from otolithic sources. However this may be, there is no doubt 
whatever about the possibility of tracing to the various ampullar fibres 
of the acoustic all of the dynamical rotational phenomena, that are 
mediated by the nerve itself. We have found the definite localization 


that we sought. 


Further, all the possibilities of functional combination of the canals 
are not exhausted by the cases of pairing already cited. Whenever the 
body movement is such as to involve rotation at the same time about 
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the vertical and either one of the two other chief body axes, it seems 
_ evident that three canals must function together as a triple organ, each 
acting for its own component of the whole movement. Thus the external 
may act with the two anteriors or the two posteriors or with the anterior 
and the posterior of the same side. The triple organ would have, like | 
the single canal or the pair, its functional opposite; and the relations 
of the two as regards their principal and subordinate functions would be — 
the conventional one. Thus all possible rotational movements, that the 
fish’s body is capable of, are appreciated, and we have in the semicircular 
canals of the ear one of the most beautiful and perfect mechanisms that 
are to be found in the animal body. Lastly, if we allow the presence 
in each crista acustica of a double organ with opposite functions, - 
the doctrine of specific nerve energies receives new and powerful justi- 
fication. 

The facts, so far communicated, establish, it seems to me, the 
dynamical function of the semicircular canals in rotational movements. 
The effects of stimulating the ampulle and the effects of severing the 
nerves are harmonious with each other with hardly a single exception, 
and probably with none that cannot be explained by careful observation. 
These effects too harmonize entirely with the facts of normal compen- 
sation. There can be no question here of possible injury to the brain 
substance accompanying the operation. The method of stimulating the 
-ampulle renders superfluous the hypothesis, that it is solely the brain, 
and not the brain plus the semicircular canals, that mediates sensations 
of equilibrium in rotational movement. Cutting the nerves, instead of 
cutting the canals themselves, gives pure results. By it the peripheral 
organ, supplied by the nerve branch, is alone thrown out of function ; 

interference with the brain is out of the question. Nor, as some have 
thought, does cutting stimulate; on the contrary, it paralyses. Further, 
the results detailed are, with a few unimportant exceptions, absolutely 
certain to follow, if the operator has actually done what he proposed to 
do; and one familiar with the subject is able to predict with certainty 
the essential results of any of the operations. The fact that the canals 
are not in the three chief body planes, has been brought forward as an 
argument against the theory of their dynamical function. A priori this 
consideration seems untenable and, in view of the important facts 
established regarding the combinations of the canals, becomes entirely 
without weight. 
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Stimulation of the otolithic parts of the ear has not been entirely 
_ satisfactory. The results were found exceedingly variable. The utricle 
_ and the saccule are very responsive to mechanical pressure, the lagena 
apparently less so. Such stimulation brought forth in the same animal 
at different times the same eye and fin movements as follow stimulation 
of the anterior, or the posterior, or the external canal, or such as may 
result from combinations of the canals. On the theory that the otolithic 
organs are statical in function, such movements (at least the vertical 
ones) would not be unexpected, since it will be remembered that, in our 
study of normal compensating movements, for the vertical changes of 
position, the compensating changes in the eyes and fins were found to 
remain fixed during the continuance of the altered body positions. But 
it would also be expected that the experimenter would be able to 
determine a localisation of function within the vestibular parts. Indeed 
Breuer has endeavoured to shew by argument the high probability of 
as sharp a physiological division of labour between the utricle with its 
horizontally extended otolith, the saccule and the lagena with their 
otoliths vertically extended, as exists among the semicircular canals. 
So far, in the dog-fish at least, to prove this has not been possible, since 
all the above movements apparently may result from stimulation of 
either the saccule or the utricle. It is hoped that further work will 
clear up this point and, in view of that possibility, it is thought 
unnecessary here further to discuss the details already obtained. 

As already stated, a satisfactory method of cutting the nerves 
supplying the maculae acusticae has not yet been found. For throwing 
these end-organs out of function, resort was had to the removal of 
the otoliths—a device already tried by other investigators. It may be 
questioned whether this entirely accomplishes the object sought. 
Breuer’s theory that the constant pressure of the otolithic mass upon 
the stiff hairs of the hair cells induces a constant stimulation, is un- 
doubtedly correct, but even he believes.that, in the change of body 
_ positions, the amount and direction of the tension is altered—the otolith — 
is not absolutely fixed in position ; it lies embedded in the soft matrix 
that unites the hairs and, as it is acted upon by gravity in directions 
varying with the altered body positions, the hairs are swayed with it, 
and the nerve stimulus varies accordingly. It is conceivable that, even _ 
with the otolith removed, the hair cells still may be to a slight extent 
functional. Nevertheless, I do not consider that this constitutes a 
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serious objection to the method. However this may be, the removal 
of the otoliths from the vestibule has given clearer results than the 
stimulation. experiments. If they be washed out of one ear, all the 
statical abnormalities follow that accompany the cutting of the acoustic 
nerve, viz. the eye of that side is downward and slightly backward, the 
- Opposite eye is upward and slightly forward, the fins are rotated in the 
opposite sense, and there is a tendency in reclining to keep the operated 
side somewhat (e.g. 15°) downward (I have recorded no bending of the 
body to this side), Normal swimming is possible, but during this also 
the operated side is usually directed somewhat downward. When 
disturbed, the animal usually darts off upon this side. In coming to 
rest, he often loses his balance and sinks down flatly upon this side, 
never upon the other. The loss of statical equilibrium is often very 
marked in these various ways. Compensating movements are normal 
in all planes; forced movements are wanting. These two facts are of 
supreme importance, in view of the fact that the dynamical organs, 
the canals, are still functional. In some cases, several days after the 
operation, rolling movements have appeared, it is true. But in every 
such case the post-mortem examination has revealed a pathological 
condition of the canals, shewn by distension with blood, discolouration, 
etc., that must have prevented their normal action. It seems to be a 
fact, then, that in these results we have a clue to the statical ab- 
- normalities following section of the acoustic nerve, in so far as these 
are incapable of a dynamical (ampullar) explanation. This idea is 
strengthened by the results of removing the otoliths from both ears. 
When this is done, the eyes and fins are in their normal position; the 
fish may be easily turned upon his back, and remains quietly in this 
attitude, or swims off, gradually turning over into his customary attitude ; 
he often swims upon his side; in coming to rest, he often settles upon his 
back or his side. No continuous forced movements occur but, when 
he is disturbed, not rarely he gives a single roll or makes a circus move- 
ment, due apparently to inability at once to obtain his normal state of 
- equilibrium. Compensating movements are perhaps weakened but are 
not necessarily done away with, as is the case with fishes lacking all 
semicircular canals. Their persistence in vertical planes (positions 1 a 
and 16, 3a and 36) is seen no longer, the compensation ceasing with 
the cessation of the body movement. The general impression that 
an observer gets from such a fish is that, if left to himself, he can 
maintain his equilibrium fairly well, but that he is easily thrown out of 
it. The expressive words of a sea captain, who was watching such a 
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shark, are highly applicable, ‘‘ That fish lacks ballast.” He is distinctly 
less abnormal than one, who has had both acoustic nerves severed, in 
that he can regulate his movements better. My results in this field 
agree in essentials with those already reported by Loeb. Removal of 
otoliths from a single macula alone, whether utricular, saccular or 
lagenar, has not been attempted. 

The facts here reported concerning the vestibular parts of the ear, 
while not as detailed as those dealing with the canals, all point to the 
conclusion that in this part of the ear lie the organs for statical 
equilibrium. Interferences with movement do indeed follow removal 
of otoliths. But, since in the normal animal with every movement and 
hence with every change. of dynamical sensations a change of statical 
sensations occurs, it would be strange. if the entire lack of customary 
statical sensations should not carry with it some abnormalities of move- 

| ment. This would be simply a case of correlated disturbance of function; 
and the inference would not be justified, that organs essentially statical 
: in function were also in part dynamical. The conclusion, to which my 
| 
| 
| 


own observations tend, has however nothing to do with the question of a 
possible further function of the otolithic organs in mediating sensations 

of onward progression. This subject was not considered at all in my 
experiments, and future work alone must decide it. 


For the convenience of the reader, the results are here reported 
in brief. I do not doubt that the essential facts may be found to apply 
to other and higher Vertebrate types. Indeed to a considerable extent 
this has already been done. But until the other types have been 
carefully and fully investigated in a comparative way along the lines 
laid down in this research, I shall not commit the folly of too hasty 
generalization. For the present, then, let the results and conclusions 
be regarded as applying only to the forms experimented with. 

_ The ear contains the sense-organs of both the dynamical and statical 
equilibrium of the body—of the former, at least, in so far as it has to do 
with rotational movements. The sense-organs of such dynamical 
equilibrium are the semicircular canals with their ampulle and cristae 
acusticae. Each canal has a principal and a subordinate function; the 
former is the appreciation of rotational body movements in its own 
plane and toward its side of the body; the latter is the appreciation 
of similar movements but in the opposite direction. Each canal has a 
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functional opposite, the two lying approximately in the same plane, and 
the principal function of one being the same as the subordinate one of 
the other, and vice versa. The functional opposite of the left anterior 
canal is the right posterior; of the right anterior, the left posterior ; 
of the left external, the right external; and vice versa. Each canal 

is in most complete action when the movement is in its own plane. — 
From this standpoint, movements in planes other than those of the 
canals may be regarded as compound movements, and may always be 
resolved into the simple movements in the planes of the canals. Such 


compound movements involve the activities of the several canals that 


are brought into function by the simple movements. Examples of such 
movements are rotations about the transverse axis of the body (in the 
sagittal plane), rotations about the longitudinal axis (in the frontal 
plane), and simultaneous rotations about the longitudinal and the 
vertical axes. In such movements the canals involved act together 
to form a double or a triple dynamical organ, endowed with a principal 
and a subordinate function. In the first of the three cases cited, the 
two anterior canals act together and the two posteriors; in the second, 


the left anterior and posterior act together and the right anterior and 


posterior ; in the third, all three left canals act together and all three 
right. Like the single canals, each double or triple organ has its 
functional opposite ; and the relations of the principal and subordinate 


functions of the two are the same as with the single canals. Thus the 


canals afford an apparatus for the mediation of the sensations caused — 
by all possible rotational movements. 

The stimulating agent of each end-organ is the endolymph, by the 
inertia of which, as the hair cells of the crista are dragged through 
it, an apparent current is produced in a direction opposite to that of 


_ the movement. In the vertical canals, the principal function is called 


forth by the flow of endolymph from the vestibule through the ampulla 
toward the canal, and the subordinate function, by the flow in the 
opposite direction; in the external canals, the direction of the flow 
is the reverse. The fact of a double function necessitates the hypothesis 
of the presence in each crista of two functionally different kinds of nerve 
ending. Mechanical stimulation of the whole ampulla produces move- 
ments of eyes and fins, that indicate the activity of the principal 
function. 

The loss of a single canal does not greatly interfere with the 
animal’s dynamical equilibrium; his compensations for rotations in ~ 
planes mediated by the canal may be modified. The added loss of 
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the functional opposite intensifies the modification. The loss of a 
functional pair of canals displaces eyes and fins, may apparently remove 
the compensating power for the rotations normally mediated by the 
lost. organs, and may introduce such rotations as “forced” movements. 
Such displacement of eyes and fins and such forced movements are : 
caused by the abnormal presence of sensations of movement, normally 
mediated by the functionally opposite pair. The added loss of this 
| — latter pair restores the eyes and fins to their normal condition, and puts 
| an end entirely to the compensating power belonging to the lost canals, 
| while forced movements toward either pair of canals are possible. The 
loss of the three canals of one side displaces eyes and fins, greatly 
| weakens compensation, and may introduce forced rolling or circus 
| movements toward that side; with the loss of the six canals, the 
; compensating power for all planes is gone, forced movements may occur, 
the sense of dynamical (rotational) equilibrium is wholly wanting. 
| _ The sense-organs of statical equilibrium are the vestibular portions 
of the ear with the maculae acusticae and the otoliths—at least those of 


the recessus utriculi and sacculus. The normal stimulating agent is the 
otolith pressing upon the hair cells of the macula. Mechanical stimula- 
tion may call forth all movements of eyes and fins that may be obtained 
through the ampulla. The removal of otoliths from one ear interferes 
| to a considerable extent with statical equilibrium, evidenced by abnormal 
| - positions of eyes and fins and trunk ; removal of otoliths from both ears 
i | practically abolishes the sense of statical equilibrium, while rotational 
| | power is still intact. 

_ Cutting one acoustic is equivalent, as regards equilibrium, to ieelihid 
all ampullar branches and removing the otoliths upon the same side; 
cutting both nerves practically abolishes the senses of both statical and 
dynamical equilibrium. 

The leading a of the nes) investigation may be tabulated 
as follows : 


Equilibrium Functions of the Ear. 


I. Functions. 
A. Normal: Sensations of rotational movement, accompanying 
corresponding compensating movements of eyes, fins and 


| 

| 

| 

| 
Hh trunk; varying according to the nerve stimulated. 
| } B. Pathological: Abnormal sensations leading to abnormal posi- 

tions of eyes, fins and trunk, and to forced movements; 

| varying according to the nerve cut. | 
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(outindion of dynamical functions in semicircular canals stimu- 
lation during body movement.) 
II. Statical Functions. | 
A. Normal: Sensations of position of body in space accompanying 
corresponding positions of eyes and fins; varying according 
to the nerve stimulated (?). 
B. Pathological: Abnormal sensations causing lack of orientation 
and abnormal positions of eyes, fins and trunk; varying 
: according to the nerve thrown out of function (?). 
(Localization of statical functions in otolithic parts; stimulation 
continual.) 
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NOTE UPON ONE OR TWO POINTS IN THE COM- 
PARATIVE HISTOLOGY OF THE PANCREAS. By 
V. D. HARRIS, MD. F.RCP., ann W. J. GOW, M.D. 
M.R.C.P. 


In a research, the primary object of which was an enquiry into the 
comparative activity of the ferments of the pancreas under different 
conditions, it was of importance to discover whether the pancreases of 
different animals exhibited any marked differences in minute structure ; 
in which case their histology might throw some light upon their 
function. With this object in view, therefore, the authors submitted to 
careful microscopical examination the pancreases of a considerable 
number of animals, and they have ventured in the present paper to bring 

together some of the notes upon the subject thinking that they may 
_ be of interest. They have done so with the knowledge that although 
the atructure of the pancreas in its main features is sufficiently familiar 
to the histologist, few descriptions, except the most cursory, exist of one 
part of the gland structure, viz. the secondary groups of cells which are 
found among the glandular alveoli. 

The pancreases of the following animals have been minutely ex- 
amined!: man, monkey (several species), dog, cat, lion, leopard, serval, 
pig, bear, badger, fox, glutton, wallaby, weasel, potto, guinea-pig, otter, 
armadillo, paradoxure, shar-goat, moufflon, squirrel, ichneumon, rhea, 
eagle-owl, sea-eagle, gull, frog, death-adder, and several others. 

The gland material after hardening was as a rule stained en masse 
in alum-cochineal, for from one to three days, then dehydrated in — 
absolute alcohol, soaked in cedar oil or xylol, as a preliminary to 
saturation with paraffia, cut in series with the Cambridge rocker 


1 We would take this opportunity of tendering our thanks to the Laboratories’ 
Committee of the Royal Colleges of Physicians and Surgeons for their permission to work 
in the Colleges’ Laboratories, and to the courteous Director, Dr Sims-Woodhead for his — 
ever ready help. 
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microtome and mounted in ribbons in Canada balsam upon suitable 
slides. In a considerable number of instances the material was not 
stained in mass but the sections were stained upon the slide with. 
Ehrlich’s hematoxylin, and afterwards dehydrated and cleared pre- 
vious to mounting. Some pancreases were found unsuitable for cutting 
with. the rocker and these were cut, after they had been saturated with 
celloidin, with a Reichert’s microtome. 

The reaction of the gland tissue to cochineal is very similar to that — 
with hematoxylin, the nuclei and outer zone of the pancreatic cells 
staining with both dyes. Double staining with eosin or erythrosin, and 
with methyl orange and methyl green and hematoxylin, was found of 
considerable service in many cases, and eosin and erythrosin together 
appeared to stain the different parts of the gland tissue exceedingly 
well. 

The lobules of the pancreas. The size and shape of the lobules of 
the gland vary considerably in the glands of different animals and 
indeed to a less extent in the same gland, but the general characters 
are fairly well maintained in each yland. In the human pancreas for 
example the lobules are large and irregular in shape, but they are 
distinctly mapped out from each other; in the monkey they are larger 
but less distinct, whereas in the pancreases of the cat and dog and other 
animals closely associated with them the lobules are small, and quite 
distinct; in the dingo-dog, glutton, and weasel the lobules are still 
smaller; on the other hand in certain pancreases hardly any differentia- 
tion into lobules’can be made out, and the tissue appears almost 
exactly like sections of the liver, or still more like sections of the 
adrenal. This apparent want of division was noticed particularly in the 
pancreases of snakes, but it is not the case in the best known example 
of amphibian pancreas, i.e. that of the frog. In the frog’s pancreas the 
lobules are small and very distinct. 

According to the compactness of ee tissue, it would be very 
possible to classify the pancreases according to three types: (i) the 


first type consisting of those glands formed of small and distinct 


lobules, and as examples of this type the pancreases of the dingo-dog or 
glutton might be considered good; (ii) the second type consisting of 
semi-compact tissue, with larger and less distinct lobules. To this type 
belong the pancreases of the majority of animals, e.g. man, monkey, 
dog, cat; and (iii) the third type, in which there is little indication of 
lobular. structure at all; of the latter the death-adder affords an 
excellent example. It will be recollected that this same difference 
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between the size and shape of lobules of which they are made up holds 
good with respect to the salivary glands of different animals and to a 
less extent to the different salivary glands of the same animal. 

The connective tissue framework of the glands. Just as in the case 
of the size and distinctness of the lobules, so too with respect to the 
amount of the connective tissue framework of the different glands, a 
considerable amount of difference exists. The human pancreas is a 
very marked example of the amount and wide distribution of the 
fibrous framework. In this pancreas we are inclined to think, more 
than in any other we have examined, is this framework best developed. 
(i) It connects the lobes together, it connects the lobules to form lobes, 
and moreover it ensheaths the whole gland, being more marked in some 
parts than others. In addition to this, considerable strands of fibres 
pass between and support the alveoli of the lobules; (ii) very firm and 
compact masses are found supporting the larger blood vessels, and 
(iii) even stronger strands support the main and larger ducts. It 
should, however, be noticed that the support of the individual alveoli is 
much less marked than is the case with the pancreases of some animals, 
e.g. the armadillo, in which every single alveolus appears to be enclosed 
in a stout fibrous investment of fine fibres. There is comparatively 
little fibrous tissue in the gland of any species of monkey we have been 
able to examine, and very little in those of the dog or cat. The pig’s 
pancreas, on the other hand, has considerable masses of fibrous tissue 
connecting the lobes and lobules and also ensheathing the whole gland, 
but this does not penetrate to any great extent into the interior of the 
lobules to support the alveoli. As we pass down to the pancreases of — 
snakes, there is hardly any interlobular tissue whatever, as might have 
been expected considering that the lobules are not mapped out; the 
individual alveoli however are enclosed in a fine and delicate meshwork 
of supporting fibrous tissue. The framework of the lion’s pancreas is 
so regular that the tissue appears to be divided up into regular squares 
by the anastomosing fibrous trabecule. 3 

The ordinary alveoli. Speaking quite generally there is great 
likeness between the cells of the chief alveoli of the pancreases of nearly 
all the animals we have examined. The general characters of the cells 
of which they are made up is as follows: the cells on section appear to 
be cubical or columnar, sometimes short and nearly equilateral; at 
other times with the sides twice or three times as long as the base. 
The well-known staining reaction of the cell holds good in nearly every 


variety of pancreas we have examined. The nucleus is as a rule 
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contained in the outer third of the cell, and is not therefore very 
evident when the outer third is stained deeply. Sometimes it is seen 
to be close to the outer margin of the cell. In the discharged condition 
of the cell there are, in all the pancreases we have examined in that 
condition, considerable vacuoles in the inner zone, but the remaining 
protoplasm remains unstainable with hematoxylin. In the pancreatic 
cells of some animals the nucleus, which is as usual spherical, is 
surrounded with a distinct unstained zone, and stains imperfectly, 
exhibiting several nucleoli. This is particularly the case with the 
pancreas of the armadillo (fig. C, b), the structure of which may be 
said to exhibit the columnar shape of the alveolar cells to a highly 
characteristic degree. In many pancreases the cells in an alveolus are 
separated by considerable intervals, which almost suggests that these 
are the radicles of the pancreatic ducts; but in many the cells appear 
with no such interval, and in fact there may be no distinct differentia- 
tion into individual cells at all. It is seldom that any lumen can be 
made out. We have not been able to satisfy ourselves that the 
so-called centrotubular cells are at all constant in any pancreas, and 
are inclined to disbelieve the view that the appearance of blocking up 
__ of the lumen is due to them. It is a very constant character of the 
alveolar cells that they are not immediately set upon any basement 
membrane. 
On first examination of the human pancreas’, we are struck with its 
great want of resemblance to that of the dog and to those of other well- 
known types. The alveoli are so small and the cells are so little like 
the characteristic two-zone-staining cells of which we have just spoken. 
This division of the cell into the two zones is indeed scarcely to be 
observed, and it is a remarkable fact that in sections of the human 
pancreas stained in Ehrlich’s hematoxylin, not only is this character- 
istic appearance but little marked, but there can be observed many 
alveoli which stain altogether differently to others, and these are — 
independent of the secondary groups of cells about which we are going 
to speak in the next section. In these alveoli the cells take the stain 
throughout, more or less deeply, and the nuclei, also deeply stained, are 
situated in the centre of the cells. Whether these alveoli are different 
in structure or function to the other chief alveoli is, of course, un- 
certain ; it is, we know, a plausible supposition that such an appearance 
is due to irregular hardening or partial decomposition of the gland 


1 We have carefully examined several healthy human pancreases. 
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structure, but in view of the fact that great care was taken in rapidly 
hardening the tissues in small pieces, and that no human pancreas was 
employed, except when obtained quite fresh from the body, we ourselves 
do not think this explanation to be adequate. In the monkey’s pan- 
creas (fig. A) the alveoli are small and very closely set together, often 


Fic. A. SECTION OF MONKEY'S PANCREAS, with a secondary cell group near the 
centre of the figure. Photomicrograph. Zeiss 4mm. Oc. 2. The difference 
between the alveolar and secondary cell groups is very marked. 


angular in shape, many in section appearing transverse, fewer oblique, 
and few longitudinal. In an ordinary alveolus on transverse section 
there are seldom more than four small cells to be made out, and there 
may be but little attempt at differentiation. The inner part of the cell 
is highly granular and the outer part is stained deeply with hema- 
toxylin. The nuclei are large compared with the size of the cell and 
are spherical with distinct nucleoli; they are generally observed to be 
situated in the cell at the junction of the outer with the middle third. 


_ In some sections the protoplasm of the cell is entirely unstained and 


the nuclei are placed centrally in the cells well stained and regular 
in shape. 

In the dog (fig. B) the alveolar cells are larger than those of the 
monkey. The differentiation of the cells is usually well marked but 


the lumen is indistinct. The two zones of the cells.are particularly 


well seen in the gland of the starved animal, for although the stained 
zone is narrow the contrast is all the more distinct. The cells from the 
recently secreting pancreas are very distinctly vacuolated and the nuclei 
are larger and more regular in shape. In sections of the pancreas of 
the starved dog stained with equal parts of rubin and methyl orange 
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solutions after staining with hematoxylin, the inner part of the cells is 
stained of a light brown and the outer of a deep purple-brown. By 


Fic. B. Sxcrton oF poe’s PANCREAS. From a drawing. Zeiss D. Oc. 4, tube 
120 mm. 


a, secondary cell mass; b, ordinary alveoli 
d, duct cut across obliquely. — 


this method of staining the granular appearance of the inner zone of 
the cells is particularly well seen, as well as the vacuolation of the cells. 
In the pancreas of the dingo-dog (Canidae) the structure of the alveoli 
is singularly like that of the dog, but the alveoli are smaller. This is 
also the case with the pancreas of the cat and leopard. In the pancreas 
of the leopard, however, there were noticed certain large alveoli grouped 
together of about the size of the other primary alveoli but lined with 
long and very narrow columnar epithelium, with nuclei situated close to 
the outer margin and appearing as though the structure were a distinct 
gland. 


The alveoli of the pig’s pancreas closely resemble those of the dog’s, — 


and the gland structure of the lion, bear, serval, and other similar 
mammalia also so closely approximates to that of the dog that in this 
respect there are no points of sufficient interest distinguishing them 
that need detain us. 


The pancreas of the guinea-pig (fig. D) is characterised by the 


possession of particularly large and clear cells and large spherical nuclei, 
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and by the fact that the staining reaction is by no means so definite as 
in those glands hitherto mentioned, and the same remark applies to the 


Fie. C. SEcTioN OF ARMADILLO’S PANCREAS. 
a, secondary cell group; b, alveolar cells; ¢, connective tissue framework. 
From a drawing. Zeiss D, Obj. 3, tube 120mm. 


pancreas of the seal. The armadillo’s pancreas (fig. C) is remarkable for 
the size and angularity of the cells, their long columnar appearance and 
the marked separation which is noticeable between them as grouped 
together in the alveolus. This separation between the cells is also very 
marked in the gland of the serval. The alveoli and the alveolar cells of 
the wallaby are very small and the deeply staining nuclei of the cells 
are small also. As regards the pancreases of birds the zone of staining is 
much less marked than in the pancreases of mammals, the alveoli are 
more condensed but are surrounded by an intimate plexus of capillaries. 
The alveoli in the frog’s pancreas are small but the cells are large and 
shew more or less well the zones of deeply stained and unstained 
portions, and the pancreases of the snakes which we have examined 
shew in a distinct degree the almost characteristic reaction of pancreatic 
cells when stained with Ehrlich’s hematoxylin. Thus we see that 
the pancreatic glands of most vertebrates closely resemble one another 
as far as regards the primary alveoli. 
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We have not examined the gland which according to Owen repre- 
sents in fishes the pancreas of other animals, since the evidence that it 
has any function to perform in those animals appears to be insufficient. 


Fic. D. SEcTION OF PANCREAS OF GUINEA-PIG. 
In the centre of the figure is a large multo-nucleated secondary cell group sur- 
rounded by the ordinary alvegli. Photomicrograph. Zeiss 2mm. Oc. 2. 


The secondary cell groups. In the pancreases from about thirty 
different animals, which we have examined, belonging to many groups 
of mammalia, and to the classes of birds, amphibia and reptilia, with 
but two or at most three exceptions, we have found these cell groups 
more or less marked. The presence of such cells in certain pancreases 
has been mentioned by several observers, and their appearance in some 
form or another is probably sufficiently well-known to histologists. We 
have devoted much time and attention to them. We find that their size 
differs remarkably, being in some glands large, in others small, but they 
are never so numerous, and seldom as large, as the alveoli proper. 

They occur as rounded or elongated masses, the cells forming them 
seldom shewing anything like such a definite arrangement as in the 
alveoli proper. | 

In a stained specimen they can at once be made out with a low 
power as they stand out as lightly stained masses surrounded by more 
deeply stained material. It is in this way that the relative number of 
such groups in different pieces of tissue may be easily estimated. With 
methyl orange and rubin the cells forming the masses have a pale 
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yellow colour, and when stained with these dyes and with hematoxylin 
the purple nuclei appear in a light yellow material. There are at least 
three different types of these cell masses. These are the following: 

(i) In some cases the masses, more or less large and distinctly 
surrounded by a capsule of fine fibrous tissue, are not differentiated into 
distinct cells, but the nuclei are very numerous and stain deeply. 
Podvysotsky, who gave a description of the structure of the pancreas 
in 1884, evidently had observed only this type of secondary cell group, 
when he wrote, as he described the secondary collection of such cells 
as like lymphoid follicles. This type has certainly somewhat that 
appearance, but, as the author says, the collection of cells has in reality 
nothing in common with lymphoid elements. An exceedingly good 
example of this type is seen in the pancreas of the guinea-pig. In the 
photograph of this animal’s pancreas (fig. D), the mass looks very like 
either a lymph follicle or a Malpighian corpuscle of the kidney un- 
injected. The pancreas of the serval shews the cell groups very like 
those of the guinea-pig, but perhaps it approaches more to the second 
type of such groups. 

(ii) In this class, the masses can be made out as distinctly 


Fie. E. SxEcrion oF THE PANCREAS OF POTTO. 
a, secondary cell group, made up of distinct anastomosing columns with large 
interspaces in the network; b, ordinary alveolar cells highly granular and 
with narrow staining outer zone, 
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composed of small, clear cells with deeply stained nuclei, not granular 
like those of the alveoli proper, joined together irregularly, or forming a 
network. The armadillo (fig. C, a) gives an excellent example of the 
more elementary grouping of such cells. The seal has these cells more 
distinctly cubical and in a close meshwork. The most marked examples 
of this definite meshwork of columns of cells however are seen in the 
pancreas of the potto (fig. Z, a), and almost equally well in the pancreas 
of the glutton. In these cases the meshwork is much more open and 
the cells are larger and more distinctly separated from one another 


Fic. F. ScrTion oF PANCREAS OF GLUTTON. 
a, secondary cell group in closely arranged columns, less distinct than in fig. E, 
surrounded by b, ordinary alveolar cells. 
From a drawing. Zeiss D. Oc. 3, tube 120 mm. 


in the columns. In places there seems even to be an endothelium 
enclosing the columns. 

(iii) The third type consists of what may be called sical cell 
groups. The cells in each cell group are divided into smaller masses by 
fine connective tissue. This type is well seen in the human pancreas, as 
well as that of the eagle-owl. 

We have tried many different ways of staining and double staining 
the sections of pancreases in order to find whether these secondary cell 
groups stain differently to the ordinary alveoli, but without-any definite 
result. This would seem to exclude the possibility that the cells have a 
different reaction from that of the secreting alveoli proper, e.g. are not 
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more or less alkaline than the cells of the primary groups, and so the 
suggestion that the functions of such cells is to secrete the alkaline 
carbonate of the pancreatic juice does not receive much support. It is, 
however, a fact that the nuclei of the cells of the secondary cells 
are much more deeply staining than those of the other cell groups, 
whereas their protoplasm is never stained by the usual method. The 
main differences, then, may be here epitomized :—The nuclei stain well, 
the cells are clear and not markedly granular, small, and as a rule 
arranged into columns forming a honeycomb meshwork, leaving spaces 
apparently lined in some cases by endothelium. The situation of the 
nuclei is in the centre of the cell. 

As regards the function of the secondary cell groups, it is tempting 
to think that they are concerned with one of the special functions of the 
pancreas, that they secrete one or other of the ferments, and that, 
inasmuch as they resemble the salivary gland to a certain extent, that 
they secrete the diastasic ferment. This, however, is pure conjecture as 
there is no evidence to prove it. 

Another suggestion has been made, that the cells may possibly be 
remnants of some persisting embryonic structure and may correspond 
with the epithelial cells found here and there between the secreting 
alveoli of the testicle. We are unaware, however, of any embryonic 
structure of which they could be the remains. 

Then again it has been suggested that these cells are rudimentary 

cells which after a time grow up into the ordinary alveoli. 

Of the three explanations which have been suggested it seems to us | 
that there is more to be said in favour of the idea that the cells have a 
special function in producing one or other ferments of the pancreatic 
secretion, since there is no doubt that the cells become much smaller 
after the gland has actually commenced to secrete and to discharge the 
pancreatic juice. 

It will be as well now to make a few short observations upon the 
characters of these cell groups in the individual pancreases, in any case 
in which they are noteworthy. In the human pancreas they are very 
large collections of cells often divided up into smaller collections by fine 
connective tissue. In these masses the arrangement is as a rule in 
columns but the cells are not to be distinctly mapped out, i.e. they are 
not distinctly separated. The protoplasm stains very lightly in hema- 
toxylin, but.the nuclei are very susceptible to the dye. In the human 
pancreas the distinction between the two kinds of cells is not so marked 
as in that of some other animals, 
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In the monkey’s pancreas the secondary cells are large and distinct 
but not so numerous as in some others, They seem to diminish in size 
after secretion. 

In the dog (fig. B, a) the secondary cell groups are suialf”and not 
numerous, but from their comparatively light staining in hematoxylin 
contrast very strongly with the remainder of the gland. The frequency 
of these groups does not seem to differ in different parts of the same 
gland, since we cut sections of different parts of the gland for the pur- 
pose of testing the question. Very often the cells are in form of multi- 
nucleated masses, but here and there there is an appearance of the 
more columnar form. In all cases the groups are distinetly ensheathed 
with a greater or less amount of fibrous connective tissue. The secondary — 
groups are not numerous in the pig’s pancreas, or yet in that of the 
cat, but like those of the dog’s pancreas, they exhibit a more distinctly 
columnar arrangement. This is also the case with the seal. The angular 
nature of the cells is remarkably plain in the pancreas of the glutton, 
and still more so in that of the potto; in the last named the columns of 
cells appear here and there to be enclosed by an endothelium. In the 
bear the cell groups are large masses of protoplasm arranged in columns 
and occupying a large part of many of the lobules. In the paradoxure 
there is no attempt at the differentiation of the protoplasmic masses 
into individual cells, 

The groups are marked in the lion’s, leopard’s, badger’s, squirrel’s, 
shar-goat’s, mouffion’s, and otter’s pancreases; being in some more 
numerous than in others. 

In the guinea-pig’s pancreas the secondary alveoli are well marked 
but not numerous; their characters have already been enumerated. In 
the armadillo some of the masses consist of about half-a-dozen small — 
cells which may be separated from one another by teazing or by pressing 
upon the cover glass of the preparation when fresh; the distinction 
between the two forms of cells is very marked. 

In the pancreases of birds, there is a slight dintbiaaion: ; in the 
sea-eagle, the secondary groups are very large and distinct (one was 
observed to be divided into no less than nine smaller groups), this was 
also the case with the eagle-owl, but in the rhea no appearance of 
secondary groups could be found, the only appearance which approxi- 
mated to such is seen to be a development of small celled connective 
tissue almost like adenoid tissue. In the frog the secondary alveoli are 
large but very rare. In the pancreases of snakes there were no secondary 
cell groups to be distinguished, 
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ON THE CHANGES IN THE NUMBER AND CHA- 
RACTER OF THE WANDERING CELLS OF THE 
FROG INDUCED BY THE PRESENCE OF URARI 
OR OF BACILLUS ANTHRACIS. By W. B. HARDY, 
M.A. ann LIM BOON KENG, MB. (Plate XI.) 


(From the Physiological and Pathological Laboratories, Cambridge.) 


THE profound alterations in the number and activities of the wandering 
cells of the Frog which are produced by the presence of urari in the 
body of that animal are of interest in two ways. In the first place they 
throw some light on what may be called the resolution of that patho- 
logical condition of the blood or lymph known as leucocytosis, and in 
the second place they suggest certain considerations affecting the vexed 
question whether the different kinds of cells comprised under the term 
wandering cells are or are not completely distinct from one another, in 
origin and life-history. We may say at once that the phenomena 

observed by us do not furnish a final answer to this question. 
‘There can be no question of the histological and functional distinct- 
ness of the different kinds of cells, as found in the blood or lymph under 
- normal conditions. The three kinds of wandering cells found in the 
Frog, the eosinophile cell, the hyaline cell and the basophile cell, are, as 
has been pointed out elsewhere, not only sharply marked off from one 
another by their respective structural characteristics but also in the way 
they behave when foreign substances, especially micro-organisms, are 
present in the plasma, and this is true also of the four kinds of wander- 
ing cells found in the Mammalia. But although this renders their 
complete independence probable, yet such @ priori considerations can 
have no finality in view of the little exact knowledge we possess at 
present as to the metaplasic powers of protoplasm. For instance it is 
still a moot question whether wandering cells can arise by the prolifera- 
tion of fixed cells, and whether they may or may not become the fixed 
formative cells of scar tissue. 
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The view that the varieties of wandering cells are derived from a 


common parent cell, in other words, that they are really stages in the 


life-history of the same cell has been advanced by Biondi‘ and H. F. 
Miller’, Their conclusions however are based upon the study of the 
cells of the blood in pathological conditions when, as our researches on 
the histological phenomena of leucocytosis in the Frog show, the dif- 
ferent forms of cells may depart to a very marked extent from their 
normal state and produce forms which are seemingly but. not really 
intermediate between the normal forms. | 

 Leucocytosis is essentially a pathological condition of the blood or 
lymph, the obvious phenomenon of which is an increase in the total 
number of corpuscles, but in the case of the leucocytosis produced by 
the introduction of micro-organisms, or their products, or of curari, rapid 
dissolution of the wandering cells goes hand in hand with rapid produc- 
tion of these bodies, and the former phenomenon is as characteristic of 
the state into which the body fluids are thrown as the latter. 

During these changes, and it is this fact which we wish to insist 
upon here, cells of one kind may mimic the characters of those of 
another kind both in nuclear structure and in the nature of the specific 
granules which they contain; and this may occur to such an extent 
that an observer who examined the cells at any one period only and was 
ignorant of the changes which had preceded and which would follow that 
particular stage, would almost certainly be led to conclude that he was 
dealing with forms transitional between the clearly marked types cha- 
racteristic of the normal animal, whether it be Frog or Mammal. In 
order to show how this may occur it will be well to refer in this place 
to one particular case though in so doing we necessarily anticipate what 
will be described in detail later on. 

The dissolution of cells spoken of above which marks the leucocytosis 
produced by the presence of microbic poisons or of urari is effected in 
two ways. The cells may simply break up in the plasma, a large part 
of the cell body apparently being dissolved while the rest, notably the 
remains of the nucleus, persists for some time as amorphous masses — 
floating in the plasma. This process is characteristic of the earlier stages. 
At a later period, in what we shall speak of as the second stage, the 
dissolution is no longer of this passive kind but certain of the cells are 
actively destroyed by the hyaline cells. The eosinophile cells in par- 


1 Biondi. Arch. per le scienze mediche, xm. (ret. Centr. f. Allg. Path. 1890, p. 172). 
Miiller, Sits, d. Kais, Akad, Wien, ur, Abth, Vol. xovitt, 
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ticular are destroyed by being bodily ingested by the hyaline cells, and 
this fate overtakes them while they are apparently quite normal so far as 
their nuclei and granules are concerned. In this way there come to 
be introduced into the body of a great number of the hyaline cells 
large masses of eosinophile granules which, as digestion of the prey 
proceeds, are scattered as isolated granules through the cell substance 
of the hyaline cells (Figs. 7 and 8). Thus at this stage cells are found 
which possess the same nuclear characters and have the same type of 
cell body and of movement as the hyaline cells but which also show an 
eosinophile granulation, and in film preparations such cells appear, so far 
as their structural features are concerned, intermediate in character 
between the normal eosinophile and the normal hyaline cell. But this 
is not all, for an observer watching these cells while still alive would 
find that they were phagocytic and, supposing him to be ignorant of 
their mode of origin, he would be to a certain extent justified in 
concluding that under certain conditions the eosinophile cells of the 
Frog ingested foreign bodies. 

There is also another result which follows from our work. 
Metschnikoff in his treatise on inflammation, and again in a recent 
paper in which he criticises certain recent contributions to the study 
of the functions of the wandering cells*,. lays considerable stress on 
the possession of phagocytic powers by polynuclear leucocytes. We 
may say at once that in the Frog at least all polynuclear cells are not 
phagocytic. When the eosinopbile cells of that animal are increased in 
number many are found with more than one nucleus, further as a 
stage in their dissolution these bodies may become markedly polynuclear 
owing to fragmentation of the nucleus. Under no conditions and in 
none of these phases do they ever ingest foreign bodies. 


The introduction of urari into the body of a Frog is followed, not 
only by lesion of the neuromuscular mechanism but also by profound 
_ changes in the entire vascular system, which may be traced probably to — 
the direct action of the poison on the blood vessels and their contents 
and to the effect on the constitution of the plasma resulting from the 
general disturbance of the metabolism of the tissues. The lymph also 
is affected, the most obvious change ‘being a large increase of fluid in 


1 Metschnikoff. Lecons sur la Path, comparée de V Inflammation. Paris, 1892, . 
p- 181 et seq. 
_ * Ibid. “La Theorie des Alexocytes,” revue critique. Ann. Pasteur. Jan. 1893, 
p. 50, 
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the lymph spaces, caused in part by increased formation of lymph and 
in part also by an absorption of water by the skin which may occur to 
such an extent in the case of urarised Frogs placed in contact with water 
as to render them bloated to an extreme degree. 

Frogs recover from urari in a few hours to as many days, the period 
varying with the dose. If the urari be sterilised before injection the 
animals withstand its action much better and will completely recover 
from doses sufficient to maintain paralysis for as long as thirteen days. 

The poison does not appear to paralyse the wandering cells except 
perhaps for a very short period, on the contrary their movements are on | 
the whole increased. 

The increased production of lymph is accompanied by the migration 
of a large number of the white blood corpuscles and, when large doses 
of poison are given, a diapedesis of red corpuscles into the lymph. 

We may just recall the fact that three kinds of wandering cells 
are found in the Frog; the eosinophile cell, the basophile cell (with 
fine granules which colour a bright rose tint with methylene blue), 
and the hyaline cell or phagocyte. The two first-mentioned cells are 
not phagocytic. In the normal animal all three kinds of cells are 
mononuclear, the nucleus of the eosinophile cell however being lobed 
or crescentic. 

In the larger number of our experiments a filtered and shonitiond 
4°/, solution of urari was used. In these cases the animals for the 
most part remained free from intrusive micro-organisms. When the 
solution was not sterilised previous to injection the lymph became filled 
with a short bacillus which does not form chains and which is sometimes 
found in summer infecting Frogs. The presence of these bacilli was 
often followed by the death of the animal. A remarkable difference in 
the histology of the lymph was found in the two cases, for when the 
Frog remained free from infection with micro-organisms no increase in 
the basophile (rose-staining) cells took place, on the contrary they were 
diminished in number, but when bacilli made their appearance these 
cells increased in numbers. 

The histological changes in the lymph occur in two stages, which 
however are not clearly marked off from one another in point of time. 
The first event following the introduction of the poison is an increase in 
the number of the eosinophile cells, or to adopt the recognised term, an 
eosinophile leucocytosis. While this is in progress the hyaline cells also 
increase in number. This constitutes the first stage. The second stage 
is of the nature of a resolution of the disease and is characterised by 
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certain ingestive phenomena of remarkable interest and by a continuous 


_. fall in the number of corpuscles, especially of the eosinophile variety. 


The first stage occupies roughly one-third of the whole period. 

Stage I. Changes in the eosinophile cells. The first effect of the 
poison is to modify the granulation of the eosinophile cell so that it 
stains with basic dyes. In other words, an amphophile granulation is 
produced. The granules at the same time increase slightly in size and 
become spherical and less refractive (Fig. 1). The granules of the normal 
cell are usually slightly spindle-shaped and very lustrous. The cells at 
the seat of inoculation (always the dorsal lymph sac in our experiments) 
show this change more completely than those obtained elsewhere but, 
if the dose be sufficiently large, amphophile cells will be found in the 
lymph from other parts of the body. In many of these amphophile 
cells, especially in those which retain this modified granulation the 
longest, the nucleus loses its lobed character and swells up to form a 
structureless sphere. | 

Very early, either as a result of the reestablishment of the normal 
granulation, or of immigration, cells containing the normal eosinophile 
granules reappear. At the same time the total number of eosinophile 
cells is increased. The eosinophile cells however now show im- 
portant modifications in structure. They continuously increase in 
size until a cell is produced which has a diameter one-third or 
more greater than the normal. At the same time cells quite 
normal so far as their granulation is concerned become common 
which in preparations appear to contain one, two, and less frequently 
more than two spherical nuclei. Yet another change in the eosinophile 
cells has to be recorded, and that is their disintegration. Throughout 
the whole of the first stage they are found either with obscured 
granulation or with no granulation. In these disintegrating cells 
the nucleus is usually in fragments which may be angular, rounded, 
or curved, and the cell substance usually colours diffusely with eosine. 
It should however be clearly understood that eosinophile cells in all 
other respects normal are very frequently found containing two nuclei 
each of which is a perfectly formed and well-staining structure. 

. It is important to state afresh the fact that in no case do the 

eosinophile cells manifest phagocytosis, neither when of the normal size 
with the typical lobed nucleus, nor when enlarged and multinuclear, nor 
when they contain only fragmented nuclei; and this is true even when 
the hyaline cells are laden with ingesta. 

The increase in the number of the eosinophile cells present in the 
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lymph may be due to immigration from other parts of the body, or to 
rapid proliferation of the cells already existing in the lymph spaces. 

Ehrlich’ showed that in the Mammalia the red marrow of bone is 
rich in eosinophile cells which are considerably larger than those found 
free in the blood. He further pointed out, and later workers have 
confirmed his conclusions in this respect, that an increase of the number 
of free eosinophile cells is usually correlated with an inflammatory 
condition of the red marrow. This observation led to the conclusion 
that the free eosinophile cells arise from the proliferation of fixed 
eosinophile cells which are stationed in the red marrow, and H. F. 
Miller found the latter undergoing mitotic division’. On the other 
hand there can be little doubt that free eosinophile cells undergo 
division. Flemming*, Wertheim‘ and Muir® have found mitoses 
in blood containing an abnormally large number of eosinophile cells, 
and the division of a living a cell has been witnessed in a drop 
of Frog’s lymph*. 

Therefore, in the absence of any evidence to the contrary, we may 
suppose that the increase of eosinophile cells in the lymph of the Frog 
is in part due to increased production of those elements in the bone 
marrow, the cells so arising travelling by way of the blood or perhaps 
by some more direct route. 

Muir, who examined the blood in ienasiieiide found eosi- 
nophile cells present which were larger than those occurring in the 
blood of healthy subjects, and he regards these as being the cells newly 
arrived from the bone marrow. 

The large eosinophile cells which appear during evsinophile Jeucocy- 
tosis in the Frog do not however all come from the bone marrow, though 
of course some may have this origin. They appear to arise mainly by a 
direct increase in size of the free eosinophile cells already in the lymph. 

In order to determine this fact we used a method originally devised 
by Kanthack’. The skin was stripped off the legs of some pithed 
Frogs, all possible precautions being taken to prevent infection of the 
internal surface. In some of the bags thus obtained a small quantity 
of a sterile solution of urari was introduced, and into some of . 


1 Ehrlich. Zeits. f. Klin. Med. Bd. 1, 1880, 553. 

2? Miller. Archiv f. exper. Path. u. Pharmak. Bd. xxrx. p. 221. 
3 Flemming. Arch. f. mik, Anat. Bd. xx. p. 57. 

4 Wertheim. Zeits. f. Heilkunde. 1891, p. 281. 

5 Muir. Journal of Pathology. Vol. 1. p. 123. 

6 Kanthack and Hardy. Proc. Roy. Soc. Vol. uu. p. 267. 

? Kanthack. Brit. Med. Journal. November, 1892. 
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the urarised bags pieces of a split femur freshly removed from a 
Frog were placed. In seven hours it was found (1) that marked 
eosinophile leucocytosis had occurred in those bags treated with 
urari, while the cells were in comparison still few in number in 
the ‘control bags which had not been treated with urari; (2) that 
the large eosinophile cell was present in the urarised bags which did 
and in those which did not contain bone fragments. 

The bags were kept for 54 hours, always in an atmosphere saturated — 
with aqueous vapour, and were then cut open and the contents carefully 
examined. The contained fluid was found to contain bacilli in such 
enormous numbers as to make it milky and opaque. It was examined — 
both by means of alcoholic methylene blue and by film preparations. 
Eosinophile cells were found in all stages and hyaline cells, and the 
_ latter showed active phagocytosis, or, to speak more guardedly, bacilli 
were found in the bodies of these cells either because they were ingested 
or because they found there a suitable pabulum, but even film prepara- 
tions failed to furnish a suggestion of phagocytic activity on the part — 
of the former, and this too in spite of the incredible number of bacilli 
present. | 

This experiment clearly shows that. marked increase in the number of 
cells may arise as a result of more active proliferation of the free cells of 
the lymph. | 

The hyaline cells suffer changes during the first stage as striking as 
those manifested by the eosinophile cells. 

In the first place many of them are found with two nuclei, each 
nucleus preserving the characteristic features of the nucleus of the 
hyaline cells, (Figs. 4, b and 5). In this case as in the case of the 
binuclear eosinophile cells we have no certain facts which point to an 
explanation of the phenomenon. 

Very early in the first stage the hyaline cells become more or less 
laden with ingesta of various kinds. (1) The ingesta is present 
‘in the cells in the form of spheres, each of which is enclosed in a 
digestive vacuole. In any one cell the spheres are of different sizes and 
often present varying stages in the digestive act, and they are composed 
of material which stains deeply with a solution of methylene blue, so 
that a fully loaded cell in such stained preparations may bear some 
resemblance to an eosinophile cell in the amphophile condition, especially 
to those in which the lobed nucleus has swollen and to form, a sphere. 
The similarity however is only superficial, for the balls of ingested 
material are of different sizes and each lies in a definite digestive 
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vacuole hollowed out of the cell, whereas the amphophile granules are 
quite or nearly of the same size and are evenly distributed throughout 
the cell substance. The nuclei too present very striking differences ; 


_ that of the amphophile cell may be of the typical lobed form, or it 


may be swollen and spherical. In the second case we are probably 
dealing with a dying cell, for the nucleus shows no trace of structure 
but stains uniformly with methylene blue and presents a curious glassy 
appearance (Fig. 1). In the cells laden with ingesta the nucleus is 
of the form so characteristic of the hyaline cells, that is it shows 
a well-defined nuclear capsule and an equally well-defined nucleolus. 
We regard these spheres of ingestive material as being formed from 
minute particles of detritus resulting from the disintegration of 
the dead cells, and representing perhaps chiefly the remains of 
their nuclei. Our reasons for this are that precisely similar spheres 
are formed when Protozoa are fed with minutely divided coagulated 
proteid. Our knowledge of this fact is due to the researches of M. 
Greenwood on digestion in Protozoa. She finds that when Carchesium 
is placed in water holding even a small quantity of coagulated proteid — 
in suspension in such a fine state of division that it cannot be removed 
by rapid centrifugalising, the animals load themselves with spheres 
which they form by the assimilation and aggregation of the minute 
proteid particles into digestive vacuoles, Having this fact in mind we 
tried the effect of the injection of a small quantity of sterilised finely 
divided coagulated proteid suspended in normal salt solution into the 
dorsal lymph sac of a Frog. In an hour the hyaline cells were found — 
to contain ingestion spheres accurately resembling those described 
above. 

(2) The second form of ingesta consists of coloured masses or 
particles. This has three sources. 

(a) Quite early hyaline cells are found at the seat of the injection 
of the poison which are laden with finely divided brown pigment. 
There can be little reason to doubt that this represents the absorbed 
colouring matter of the solution of urari. 

(6) At the close of the first stage and throughout the second stage 
of the phenomena following the poisoning hyaline cells are found more 
or less completely loaded with black pigment. Sometimes the cells 
load themselves so heavily that they become opaque, but even in this 
condition they retain the power of amoeboid movement and ~ be 
seen to emit one or more long filiform pseudopodia. 

The pigment grains which load the cells are picked up by them 
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from the plasma, the latter sometimes containing large numbers of 
grains ip suspension. 

The origin of this pigment is not at all obvious, but so far as the 
cells of the lymph are concerned it seems to be certain that they obtain 
it ready formed from the plasma in which it occurs as the result of 
an exaggeration of some process which normally occurs in the body of 
the animal. We are led to this conclusion by the fact that cells laden 
with pigment were found in abundance in female Frogs but were 
only rarely met with in males; and during the period occupied by 
our researches the female Frogs were laden with eggs which, as is 
well known, are produced in great numbers and are deeply pigmented. 
Therefore, during the period of egg formation, active pigment pro- 
duction must form a part of the processes normally occurring in the 
female. The production of pigment after urari, and the same thing 
occurs after inoculation with anthrax, must be very great, and may 
occur to such an extent that the plasma in hanging drops of lymph 
appears under the microscope to be studded with minute particles. 

(c) The third class of pigment-laden cell contains yellow, yellow- 
brown, or brown pigment. This is undoubtedly derived from the 
hemoglobin of the red corpuscles which sometimes under the in- 
fluence of the poison are found in considerable numbers in the lymph. 
Every stage may be found between cells containing yellow masses 
situated in digestive vacuoles to cells studded with particles of brown 
pigment. The way in which this pigment is produced may be followed 
in a drop of lymph removed nen a Frog one or two days after the 
injection of urari. 

As will be shown in deocribing the phenomena which occur in the 
second stage of the poisoning, the powers of the hyaline cells appear to 
be augmented, so that whereas in the earlier stage they ingested only 
small particles, in the later stage they engulf entire cells, and this 
increased capacity is apparently conditioned by a striking increase in the - 
size and activity of the hyaline cells, In the earlier stages the ingestion 
of a red corpuscle is carried out in a piecemeal fashion, that is to say, 
the hyaline cell by its movements breaks up the stroma of the red 
corpuscle, which has become as it were macerated and lost all its 
elasticity, into irregular fragments each of which is separately engulfed. 
Following the fate of any one of these fragments we find it at first 
occupies a digestive vacuole the fluid of which appears to rapidly dissolve 
the stroma so that the hemoglobin is set free and the entire vacuole 
becomes tinged with yellow. The pigment solution so produced is then 
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concentrated, the vacuole at the same time growing smaller, until a 
brown pigment particle alone remains imbedded in the cell substance. 

In the later stages entire red cells are ingested by the enlarged hyaline 
cells, Each at first occupies a digestive vacuole and, as in the first case, 
the stroma appears to be dissolved first and the vacuole is then left con- 
taining a solution of hemoglobin. Strands of cell substance then grow 
across the vacuole dividing it up into smaller spaces, in each of which 
the hemoglobin is dehydrated and a number of pigment particles are 
thus produced. 

The production of a solid particle from a solution of a pigment in a 
vacuole is a process not confined to hemoglobin but is one which occurs 
also when the very different body methylene blue is introduced into a 
Frog, and this is the more striking when we remember that methylene blue 
has no proteid matter in its molecule. The production of the vacuoles 
and the events occurring in them when formed may, in the case of the 
ingestion of fragments of red corpuscle, be regarded as due to the 
stimulus of contact of the cell with a solid mass, and to the nutritive 
nature of that mass, composed as it is largely of proteid. None of these 
- conditions are fulfilled by methylene blue, yet an amount of this dye 
insufficient to produce obvious colouration of the plasma leads to the 
occurrence of phenomena in the cells closely resembling those seen 

when fragments of red corpuscles are ingested. Thus if methylene blue 
dissolved in normal salt solution be injected into a Frog (e.g. into the 
peritoneal cavity), the lymph in all parts of the body will be found to 
contain cells more or less laden with what appears to be solid blue 
spheres. Figures 10 and 11 represent such cells as they appear when 
alive. If at this period a second injection be made, then four hours 
afterwards the cells will present the appearance shown in Fig. 12. In 
other words, the vacuoles have been reconstituted round the already 
absorbed pigment and the fluid they contain is very obviously tinged — 
with the dye. 

In the case of the cells represented at Fig. 12 both injections were 
made into the peritoneal cavity and the lymph examined was obtained 
from the foot. | 

It is obvious from what has been said above that at the close of the 
first stage the cells of the lymph appear at first sight to be of very 
diverse character, and it is reasonable to suppose that an observer who 
had not studied the changes from the commencement would be puzzled 
to effect a satisfactory histological analysis. The cells which may be 
present in such lymph are the following : 
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lobed nucleus or a swollen spheri- 

cal amorphous nucleus. | 
| These may be polynuclear (two 

| herical pune or may retain 

Eosinophile | (6) with typical eosino- e typical lobed nucleus, or they 
cells. phile granules. may have only one large nucleus. 
| The polynuclear and uninuclear 
forms are about one-third larger 


(a) with amphophile Rave the 


than the normal eosinophile cell. 
| (c) with granules more { These have either ill-staining nu- 
or less lost. clei or nuclear fragments. 


In none of these different conditions are the eosinophile cells 

¢ (a) Laden with ingestion masses staining with the basic 
ye, methylene blue. 

(b) Laden with the débris of red blood corpuscles which 


Hyaline cells stain with eosin, and therefore in film preparations 
which may possess | —_such cells may appear to contain irregular “eosinophile” 
one or two nuclei, + masses. 
each — typical | (.) Laden with finely divided yellow pigment. 


(@) black pigment grains. 
(e) brown 


(f) Dead hyaline cells with split nucleus. 


‘The Second Stage. 
As has been already pointed out the hyaline cells continuously 


increase in size during the first stage. In the second stage they are 


large cells.with abundant finely punctuated cell substance and a single 
nucleus of the typical form. The forms with two nuclei continuously 
become more and more infrequent. The second stage is characterised 
by the increased ingestive activity of these cells, they no longer engulf 


only particles but take up entire and apparently intact eosinophile cells 


and red corpuscles. During this period the large hyaline cells 
engulf entire eosinophile cells of all kinds, so that one finds 
in their digestive vacuoles eosinophile cells with completely 
intact and normal granules and nuclei. Further, the appear- 
ance of freshly enclosed eosinophile cells does not warrant the 
assertion that they had died before being engulfed by the 
hyaline cell. It is obvious from this that during the second stage the 
number of eosinophile cells in the lymph falls, and their destruction 
may be pushed so far as to make it difficult to find a single free 
eosinophile cell. At the same time of course a fall in the total number 
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of corpuscles occurs. What red corpuscles remain are also ingested. 
The ingestion of the eosinophile cells is carried out with considerable 
vigour, so that one finds not infrequently a hyaline cell which contains — 
an eosinophile cell still intact and obviously only lately ingested 

occupying one vacuole, another eosinophile cell in a more advanced 
stage of digestion in a second vacuole, and remains of other cells, 
notably the granules, occupying vacuoles scattered through the rest of 
the cell substance. One such stained with methylene blue is shown in 
Fig. 7, and a cell with an intact eosinophile cell in a vacuole is shown 
at Fig. 8 as seen in a film preparation. 

The digestion of an eosinophile cell by a hyaline cell is a process of 
great interest. The cell is first of all received into a large digestive 
vacuole. While there its cell substance is dissolved, and its nucleus — 
loses its outline and staining properties. The eosinophile granules 
however appear to resist the digestive action for a long time and persist 
in the vacuole after the solution of the substance of the cell. The 
large vacuole is then broken up by strands of cell substance which grow 
into it and divide it into a number of small spaces in each of which a 
single granule is enclosed. Ultimately each isolated granule swells 
up and becomes so far altered that it stains slightly with methylene 
blue. Thus at a certain stage in the process we have a hyaline cell 
containing scattered eosinophile granules derived from an ingested 
eosinophile cell. Such a cell might ingest other bodies, and in film 
preparations we might be deceived by finding a cell apparently 
eosinophile and yet betraying phagocytic powers. 

We may summarise the main phenomena so far described as 
follows :— 

(1) The introduction of urari leads to an increase in the number 
and in the size of the cells in the lymph followed by a decrease, so that 
the number of cells just after recovery from the poison has taken place 


3s below the number in the normal animal. 


(2) The increase in the number of cells is due both to — 
and to proliferation. 

(3) Throughout the whole course of the disease honed is sauked 
destruction as well as marked production of cells. This destruction is 
at first of the nature of a passive death and dissolution of the cells in 
the plasma. Later, cells with apparently normal granulation and nuclei 
are bodily ingested by the enlarged hyaline cells. 

(4) The hyaline cells manifest phagocytosis at an early period, and 
during the period when the resolution of the disease is being effected 
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they ingest entire cells, their activities being then mainly directed to 
the destruction of the eosinophile cells. 

The later stages of the leucocytosis following the introduction of anthrax 
into the Frog. The earlier phenomena manifested by the wandering 
cells of the frog when anthrax is present have been described elsewhere’. 
In the communication referred to they were followed up to the point 
where the bacilli are destroyed and the lymph is left with a large 
number of eosinophile, hyaline and basophile (rose reacting) cells. 
Both the eosinophile and hyaline cells at this period are actively 
-ameeboid. The further phenomena resemble those described above as 
constituting the resolution of the leucocytosis produced by the presence 
of urari, that is to say active ingestion and destruction of the eosinophile 
cells by the hyaline cells occurs. An instance of this, obtained from 
the lymph of a Frog 24 hours after inoculation with anthrax, is 
shown at Fig. 7. | | 

Tn all that has been said so far it will be noticed that, in spite of 
the profound departures from the normal condition of the eosinophile 
and hyaline cells, no real loss of identity was observed ; nothing was 
seen which suggests the formation of an eosinophile from a hyaline cell 
or vice versa. Not only can this negative evidence be adduced but 
also the devouring of the eosinophile cells by the hyaline cells until 
only a very few examples of the former remain, points to a divergence of 
function of so marked a character as to render it difficult’to believe in 
the essential identity of the two types. One cannot conceive on the 
hypothesis that the eosinophile and hyaline cells represent merely 
phases in the development of the same cell, why the one should devour 
the other instead of the one merely developing into the other, and the 
time has gone by for the suggestion that the eosinophile granulation 
marks the degeneration of the wandering cells. 


LIST OF FIGURES. PLATE. 


Fig. 1. Amphophile condition of the granules of an eosinophile cell. 
Nucleus swollen and showing no structure. Third day after injection of 
urari, methylene blue. Oc. 4, ob. th cam. luc. 

Fig. 2. Binuclear eosinophile cell, stained with methylene blue. Third | 
day after urari. Oc. 4, ob. ,4,th cam. luc, 

‘Fig. 3. (a) Dead and disintegrating eosinophile cell. (5) Dead and 


1 Kanthack and Hardy. . Loe, cit. 
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— hyaline cell, methylene blue, Third day after urari. Oc. 4, 
ob. ,th cam. luc, 

Fig. 4, Binuclear hyaline cells, stained with methyl green saaninted 
with acetic acid. Urari 20 hours, Oc. 4, ob. E, Zeiss, cam. luc. 
_ Fig. 5. Hyaline cell laden with amorphous ingestion, methylene blue. 
(a) 20 hours after urari, Oc. 4, ob. J,th cam. luc. (5) 24 hours after injec- 


tion of anthrax. Oc. 4, ob. F, Zeiss, cam. luc. 


Fig. 6. Hyaline cell with vacuolated protoplasm. Active ingestion going 
on, methylene blue, 24 hours after anthrax. Oc. 4, ob, jth cam. luc. 

Fig. 7. Hyaline cell which has ingested two eosinophile cells and whose 
protoplasm is studded with —— granules. Methylene blue 24 hours 
after injection of anthrax. Oc. 4, ob. jth cam. luc. 

Fig. 8. Hyaline cell which has i ‘ngeaked an eosinophile cell, Film 
preparation stained with eosin and Loeffler’s methylene blue, after urari. 
Oc, 4, ob, cam. luc. | 

Fig. 9. Hyaline cell with the remains of another cell occupying a 
vacuole. Methylene blue. Oc. 4, ob. jth cam. luc. 

Fig. 10. Cell from peritoneal cavity of a Frog 16 hours after injection 
into that cavity of methylene blue dissolved in normal salt solution. Drawn 
when alive. 

Fig. 11. Cell from the lymph of the foot of the same animal. 

Fig. 12. Cells from the lymph of the foot of the same animal four hours 
after a second injection of methylene blue into the peritoneal cavity. Living 
cell drawn. 
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DOES THE NON-COAGULABLE BLOOD OBTAINED 
BY INJECTIONS OF WOOLDRIDGE’S TISSUE 
FIBRINOGEN (NUCLEO-ALBUMENS) CONTAIN 
PEPTONE OR ALBUMOSES? By C. J. MARTIN, 
M.B., B.Sc. (Lond.), Demonstrator of Physiology in the me 


of Sydney. 
(From the Physiological ‘isan of the University.) 


From the conspicuous analogy between the phenomena of the inhibi- 
tion of the coagulation of the shed blood (Wooldridge’s negative 
phase) obtained by the intra-vascular injection of nucleo-albumens, 
and those following the introduction of albumoses into the circulation 
of a dog, Wright’ has suggested the hypothesis, that this loss of spon- 
taneous coagulability is due to the same cause in both cases. He 
supposes nucleo-albumens to be split up in the organism into an 
albumose moiety and a nuclein moiety, and that the albumoses are 
responsible for the permanent fluidity of the blood. This view of 
Wright’s is supported by the statement of Pekelharing’® that he 
has found “peptone” in the blood after the injection of nucleo-albumens, 
and it would appear probable from the fact that these bodies are readily 
decomposed by boiling, so as to yield albumoses. : 

Quite recently I have had occasion to examine this statement of 
Pekelharing, and the results of my experiments, together with the 
manipulations I have found most serviceable.for separating proteoses 
and peptones from other proteids, are the subject of this note. 

I am unfortunately unable to consult Pekelharing’s original com- 
munication, in Sydney, and am indebted to Professor Halliburton’s 
paper on “ Proteids of the Kidney and Liver Cells” * for the reference to 
Pekelharing’s work. I regret my inability the more, in that I should 


1 Proc. Roy. Irish Acad. 8rd Series, Vol. 1. No. 2. _ 


® Verhandelingen d. Konink. Akad. v. Wetenschappen te Amsterdam, oe 
Deel 1, No. 3. 


3 This Journal, 
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have liked to apply the same method for separating any peptone that 
might be present, as was used by this observer. The detection of 
peptone in blood is a very simple matter if one uses trichloracetic acid 
to precipitate the proteids of the plasma, as recommended by Starling’. 
By this method one has none of the laborious saturations of the 
Am,SO, processes, and perhaps the greatest advantage it possesses is 
the facility with which the fluid filters after the addition of this 


reagent. 


As Halliburton and Brodie* had been unable to confirm the 
statement of Pekelharing as to the presence of peptone, I thought 
it likely that Pekelharing had used the term “ peptone” in a general 
sense, meaning thereby to include albumoses. This seemed the more 
probable as Wright* has found albumoses in the urine under similar 
circumstances. 

In his Goulstonian lectures to the College of Physicians, London, 
for 1893, Prof. Halliburton speaking of trichloracetic acid states, 
“This reagent precipitates all the proteids except proteoses and 
peptone.” This leads one to believe that albumoses are not precipitated 
by this reagent. On the other hand Obermayer‘, who has developed 
the use of trichloracetic acid as a reagent in proteid chemistry, more 
than any other worker, as far as I am aware, found that “hemi- 
albumose” was precipitated by trichloracetic acid, but that this pre- 
cipitate differed from that produced by other proteids, in that it dis- 
solved completely on heating and icons again on cooling the 
solution. 

The experience of these two observers appearing to be contradictory 
I have examined the question, and find that both statements are to 
a certain extent true. I first obtained some samples of various proteids 
in a fairly pure condition. I have so far tried the action of trichlor- 
acetic acid on ten different bodies, viz., serum-albumen, serum-globulin, 
fibrinogen, nucleo-albumen, acid- and alkali-albumens, hetero-, proto-, 


and deutero-albumoses, and peptone. 


The serum-albumen and globulin were prepared from dog’s serum, by 
saturation first with MgSO, to bring down bea globulin, and subsequent 
saturation of the filtrate with 


1 “ Contributions to the Physiology of Lymph Secretion.” This Journal, xiv. No. 2 
and 3, 

2 Halliburton’s “ Goulstonian Lectures.” B, M. J. Mar. 25, 1893. 

3 loc, cit. 

4 Wiener Med. Jahrbiicher, 1888, pp. 375—381, 
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The saturations were twice repeated and the pene freed from salts 
by dialysis. 

“Fibrinogen was prepared from hydrocele fluid by Hammarsten’s 
method, and nucleo-albumens were obtained from pigs’ testicles by both 
Wooldridge’s and Halliburton’s processes. 

The three albumoses, from digested fibrin, were separated with consider- 
able care by repeated dialysis and saturation with neutral salts. 

Peptone was obtained from Gruebler’s “ pepton puriss” by precipitating 
the small amount of deutero-albumose which it contained by saturation 
with AmSO,. | | 

In all cases 2°/, solutions of the proteids in either water, weak 
saline solution, or dilute alkali or acid, were employed, to which an 
equal bulk of a 10°/, solution of trichloracetic acid was added in the 
cold, Under the influence of this — these proteids may be 
arranged in three groups— | 

Serum-Albumen : 
Serum-Globulin Completely precipitated by excess. 


Fibrinogen Precipitate not dissolved by heating the 
Nucleo-Albumen | _ solution to 100°C. — 

Albuminates 

Hetero-albumose Partially precipitated by excess. 
Proto-albumose Precipitate dissolves at 100°C. and re-appears 
Deutero-albumose on cooling. 


Peptone No precipitate. 


_ Thus one can by precipitating the albumens and globulins &c, and - 
part of the albumoses by the addition of trichloracetic acid, then 
warming to dissolve up the precipitated albumoses, and filtering whilst 
hot, separate all proteoses and peptone from other proteids. 

The short boiling in the presence of the acid to which the solutions 
are subjected, does not convert any of the proteids into albumoses. In 
every case in which I have used fresh serum the filtrate has failed to 
give any biuret reaction, even when concentrated to one tenth of its 
previous bulk, it does however give a faint cloudiness with phospho- 
tungstic acid as was observed by Starling. This observer also cautions 
one against heating the solution above 40°C, as if so heated it may turn 
brown and thus hinder the application of the biuret test to the filtrate, 
With boiling for five or ten minutes I have never noticed this coloura- 
tion unless the original solution contain much haemoglobin, when a 
small amount of acid haematin goes into solution. 
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In most cases I have separated the neutral salts from the specimens 
of proteid prior to testing the action of trichloracetic acid on them. 
This is however unnecessary as their presence in no way — with 
the results, 

Starling has sufficiently emphasized the advantage of trichlow 
acetic acid for separating peptone from plasma and I find that this 
reagent is just as satisfactory for separating all the albumoses, if one 
makes use of the fact discovered by Obermayer, that the precipitate 
produced with these proteids is soluble on heating. The fluid must 
be heated to within a few degrees of boiling point, before solution 
occurs, and the precipitate very readily separates again on cooling. 
Almost directly the test-tube is taken away from the flame it again 
becomes cloudy, so that I have found it advisable to filter through a 
funnel surrounded by a jacket of boiling water. -The filtrate, which 
contains the whole of the albumoses and peptone, comes through per- 
fectly clear, but in a few moments, as the solution cools, it becomes 
more or less milky according to the amount of albumoses contained. 

This precipitate at once dissolves up again on rendering the solution 
alkaline with soda or potash and the presence of albumoses may be 
determined by the biuret reaction. 

The three albumoses with which I have experimented, can, as 
regards the relative proportion of the proteid thrown out of solution by 
the addition of trichloracetic acid, be arranged in series. Hetero- 
albumose is the most precipitated, then proto-albumose, and deutero- 
albumose least, indeed, the addition of the reagent causes no cloudiness 
in dilute solutions of this last. 

I have tested this method by the previous addition of proto, and 
hetero albumose to plasma, and find that I can determine their presence 
in the filtrate, by means of the biuret reaction, when they have been 
added to the plasma in the proportion of 1 in 12000. 

Having arrived at this satisfactory: conclusion I psitaintineid the 
plasma of dogs, the blood of which showed a well marked negative 
variation, consequent upon the injection of nucleo-albumens. Knowing 
how soon albumoses disappear from the blood I have taken samples at 
intervals of from two to fifteen minutes after the injections. In order 
to obtain the negative variation in the most marked degree, I have 
made use of Wooldridge’ s' discovery, that a small dose of nucleo- 
albumens conferred an immunity from intra-vascular clotting, so that 


1 “ Ueber Schutzimpfung auf chemischem Wege.” Du Bois Reymond’s Arch. 1888. 
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immense doses could be afterwards injected without causing a block 
to the circulation. In this way I obtained blood which never coagu- 
lated spontaneously. Samples of blood for examination were placed 
in the centrifuge for some hours, and at the end of this time the 
supernatant plasma, which was always bloodstained, was pipetted off. 
It was then mixed with an equal volume of 10°/, trichloracetic acid, 
raised to boiling point and filtered through a funnel, surrounded with 
‘boiling water. The filtrate remained permanently clear. In some 
cases it was tested at once by the addition of strong KHO, and a few 
drops of very dilute CuSO, in others it was evaporated down to a 
small volume in vacuo, previous to being tested, but in no case was a 
trace of biuret reaction developed and the minute flocculi of cupric 
hydrate slowly fell to the bottom of the test tubes leaving the solution 
of the same very pale straw colour as before. 

In these experiments I had introduced very large quantities of 
nucleo-albumen (in one case as much as five grammes) but I was never 
able to detect it in the plasma. According to Wright’s hypothesis, 
that this body is rapidly split up into an albumose part and a nuclein 
part, one would certainly expect under such conditions to discover some 
trace of these albumoses. 

I therefore conclude that nucleo-albumens are not split up in the 
blood so as to form albumoses, and that the want of spontaneous 
coagulability, seen in blood after injection of these bodies must be 
explained in some other way than that suggested by Wright. 
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ON SOME EFFECTS UPON THE BLOOD PRODUCED 
BY THE INJECTION OF THE VENOM OF THE 
AUSTRALIAN BLACK SNAKE (PSEUDECHIS POR- 
PHYRIACUS). By C. J. MARTIN, MB, BSc. (Lond.). 
Demonstrator of Physiology in the University of Sydney, formerly 
Demonstrator of Physiology at King’s College, London. 


(From: tha Phusislogion! Laboratory of the University.) 


In a paper read before the Linnwan Society of New South Wales’, 
I showed that the poison of the Australian black snake, one of the 
largest of our dangerous reptiles, contained one or more albumoses, the 
injection of which into an animal, caused death with some of the 
symptoms commonly observed in cases of snake-bite. In a further 
paper, written in conjunction with Mr McGarvie Smith’, we showed 
that the only poisonous constituents present in the venom, were bodies 
of the nature of the primary albumoses. 

In the present paper, I propose to discuss one specific aspect of the 
physiological effect of the injection of the venom, which has become 
apparent during the course of an investigation I am now carrying on, 
into the action of this poison on the animal organism. 


A. Effect on the coagulability of dog’s blood. 
In the general enquiry, I have frequently had occasion to use such 


_ methods as are commonly employed for obtaining graphic records of the 


blood pressure in arteries and veins, and have been struck with the 
remarkably satisfactory manner in which the blood has behaved as 
regards clotting. On more than one occasion, a tracing of the venous 


1 «Observations on the poisonous constituents of the venom of the Australian black _ 
snake.” Proc, Linn. Soc. N.S. W. July 1892. 
2 **On the venom of the Australian black snake.” Proc. Roy. Soe, N. S. W. 1892. 
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pressure in a dog has continued for some hours, without coagulation 
occurring in the cannula. 

This behaviour suggested some inhibition of the normal clotting 
power of extravascular blood. During several experiments, I accordingly 
drew samples of blood. In all of these coagulation was retarded, the 
specimens clotting only after the lapse of one to twenty hours, or not 
at all. At this time I was working with the intravenous injection of 
very small quantities of the poison, viz—0-00001 to 000002 gramme 
per kilogramme of body weight’. 

I am aware that such an observation on the fluidity of the blood, 
following the introduction of snake-poison into the system, is by no 
means new, but in my previous experience with rats, rabbits, guinea- 
pigs, and dogs, the blood post-mortem, was always found coagulated. 
Fontana’, more than one hundred years ago, noticed that the blood 
remained fluid in animals dead of viper-bite, and Brainard® writing 
forty years back states, that when death occurred immediately (the 
italics are mine) in animals bitten by rattle-snakes, the blood was found 
at the post-mortem examination to be clotted, but if some time elapsed 
before the animal succumbed, the blood remained fluid in the vessels. 
These observations of Brainard were confirmed by Weir Mitchell‘ in 
1860, who explained the difference by the hypothesis, that in cases of 
very rapid death the poison had not had time to affect the blood. A 
few years later Halford® observed the same continued fluidity of the 
blood, to follow the injection of the venom of some Australian species®. 

More recently Feoktistow’ has confirmed Fontana’s observation 
on the condition of the blood after the injection of viper-poison (v. 
ammodytes and v. berus). The continued fluidity of the blood after 
death from the bite of the Indian viperine snakes, has been frequently 


1 All the weights mentioned in, this paper refer to the venom dried over calcium 
chloride at the temperature of the la cues The freshly ejected venom, as Mr Smith 
and I have shown, varies greatly in the percentage of solids contained, viz.—from 12 to 
65°/, according to the time of year, and the conditions of the reptile as regards previous 
discharge of poison, state of health, and nourishment. 
_- % Fontana on Poisons. Translated by J. Skinner. London, 1787. 

3 Smithsonian Reports, 1854. 

4 Smithsonian Contributions to Knowledge, Vol. x11. 

5 Med. Times and Gazette, 1873, Vol. u. 

6 Quite recently Dr Skinner, of Beechworth, Victoria, 
-coagulability of the blood in a case of snake-bite which occurred in his practice (Australian 
Med. Gaz. Mar. 15, 1893). 

7 Mémoires de VAcadémie impériale des Sciences de St Pétersbourg, vu‘. Biel, 
T. xxxvi. No. 4, 1888. 
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382 C. J. MARTIN. 
noted during past years by numerous observers in that country. This 
observation contrasts with the negative result in this respect, following 
the injection of cobra-poison. | oe 

On other occasions, when taking carotid pressure tracings during — 
the injection of large doses of venom (00002 gramme per kilo. or above 
this quantity) within a minute of the time when the poison was 
introduced, the record of the rise in pressure due to the heart’s beat 
disappeared, but the pressure in the manometer remained considerably — 
above zero. On investigation it was found that there were no clots in 
or near the cannulae, but in each case the artery, at some little distance 
from the cannula, contained a solid core of clot extending into the 
aorta and left ventricle. On further dissection the blood in the whole 
vascular system, excepting only the pulmonary veins and the left 
auricle, was found to be solid. The clot in the portal venous system 
was particularly hard. | | 

These experiments I have repeated very many times, in fact one or 
the other phase of coagulability occurs every time this snake-poison 
is injected into a vein of adog. Immediately after the introduction of 
the venom, the coagulability of the blood increases, and this increase of 
coagulability, in the case of moderate or large doses (more than 0:0001 
gramme per kilo.), culminates in intravascular clotting of greater or less 
extent. The smallest dose which I have found to produce complete 
clotting in the systemic circulation was 0:00015 gramme per kilo. Such 
a dose, however, usually gives rise to thrombosis limited to the portal 
vein and its branches, and inhibition of coagulability elsewhere. 

The injection of small doses,—z.e, below 0°0001 gramme per kilo.— 
also gives rise to a condition of increased coagulability of the blood. 
This increase however, only manifests itself for an extremely short. time, 
and samples must be drawn within two minutes from the time of the 
introduction of the venom, in order to observe it. This transient 
positive phase is succeeded by a negative phase, for blood drawn 
three minutes after the injection, either fails to clot at all, or does so 
only after the lapse of several hours. The negative phase continues for 
a considerable period, five or six hours, should the animal live so long ; 
but as every experiment in which I have been able to establish it in a 
marked degree, has terminated in the death of the dog, I am unable to 
say what may be its extreme limit. 

The blood in all parts of the vascular system does not exhibit the 
same tendency to clot in the vessels. Coagulation when present always 
occurs in the portal venous system and the thrombosis is frequently 
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confined to this area. It also occurs more vite with venous than 
with arterial blood. 

Dogs evince varying degrees of susceptibility in this respect, the 
same dose per kilo. producing in one animal intravascular clotting, in 
another inhibition of the coagulation of the shed blood. 


B. Results with animals other than dogs. 


I have examined the condition of the blood after the intravenous 
injection of snake-poison in rabbits and cats. In these animals both 
positive and negative phases occur as with dogs. Cats appear more 
resistant to the action of the venom than dogs and rabbits. 


C. oa modifying the result of the injection 
of the venom. 


(1) Influence of Respiration. 


I have previously mentioned that I have on no occasion, observed 
the blood which has just traversed the capillaries of the lungs, to 
participate in an otherwise general thrombosis. Whatever change may 
be effected on the plasma during its passage through the pulmonary « 
vessels is very transitory, for in such cases it is only in the pulmonary 
- veins and left auricle where it remains fluid, the blood * in the left 

ventricle and aorta being solid. 

| When complete clotting of the blood in both systemic arteries and 
veins follows injection of the poison, respiration continues often for a 
minute or more, after the circulation is at a standstill. If records of 
the arterial blood pressure and of the respiratory movements be taken 
in these experiments, the moment of clotting in the arteries is indicated 
on the tracing, by the disappearance of heart-beats, and the straight 
line described by the style, some distance above the abscissa. I have in 
my possession a number of tracings showing the continuance of respira- 
tion for periods up to two minutes after the circulation must have been 
completely blocked. 

These experiments show that as long as the blood will flow through 
the pulmonary artery and its branches there is nothing to prevent its 
normal gaseous interchange, as far as the respiratory movements are 
concerned. That it takes up oxygen as usual is seen by the colour 
of the blood in the left heart. ) 
To ascertain whether the modification of the coagulability of the 
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blood during its passage through the lungs, depended on its altered 
gaseous condition, I followed the method which Wright’ used to 
determine the cause of the distribution of thrombosis after injections 
of Wooldridge’s tissue-fibrinogen. This observer rendered animals 
dyspnoeic by compression of the trachea previous to the injection of 
doses which, as he had determined would, without this treatment, only 
give rise to a very limited intravascular clotting. The results of 
injecting “ tissue-fibrinogen” into the circulation when in this venous 
condition were strikingly altered. My experiments were performed on 
rabbits of like weight. Several were intravenously injected, under 
exactly similar circumstances, with gradually decreasing doses of venom, 
until a dose was found which produced a very limited clotting or none 
at all. Other rabbits of the same weight were then rendered dyspnoeic 
by compression of the trachea continued for one minute before the 
subminimal dose of venom was introduced. These subminimal doses 
produced in every case complete clotting throughout the whole vas- 
cular system. 

It would be rash to assert that this difference between the blood in 
the pulmonary artery and that in the pulmonary vein is simply due to 
its having lost carbonic acid and gained oxygen, for it is possible that 


_ the plasma may be so modified during its sojourn in the pulmonary 


capillaries in some other way. 

In connection with this counteraction of the increased coagulability 
of the blood, by its passage through the lungs, Pawlow’s?* observation 
that blood circulating only through the heart and lungs and a 
Ludwig’s automatic stromuhr, lost its power to clot, is interesting. 


(2) Influence of digestion. 


On looking through my notes I find records of eleven experiments 
in which 0:0002 gramme per kilo, was injected into the jugular vein of 
a dog. Seven of these animals died within eight minutes, from ex- 
tensive venous and arterial thrombosis. Three others died within two 


hours, and one lived for upwards of four hours. The post-mortem exami- 


nation of this last animal discovered no intravascular clotting and the 
shed blood remained fluid until it putrefied. In the three which lived 
from one to two hours after the injection, there was more or less 


1 This Journal, Vol. xm. No. 2. 
Du Bois Reymond’s 
Arch, 1887, p. 458. 
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thrombosis of the portal venous system, but the blood from the rest of 
the body remained fluid for several hours. 

These experiments were not performed with the sole object of 
observing the effect of venom on the clotting of the blood, and in every 
one of them, records, including one of arterial blood-pressure, were 
taken on a kymograph. Consequently I have in each case the exact « 
time and duration of the injection to refer to. In all the experiments 
the above mentioned amount per. kilo. was dissolved in 2 c.c. of a 
‘7°/, solution of NaCl, and the time occupied by the injection, as 
registered on the tracing, was from five to eight seconds. The im- 
portance of the knowledge that the rate of injection ¥ was fairly constant, 
I shall discuss later on. 

At the time of these experiments I attributed the variations in 
results to idiosyncracies possessed by the dogs. On reconsidering the 
matter however, I am inclined to attribute them to the effect of 
digestion. The seven first mentioned experiments were performed in 
sequence and the four last also in sequence. During the former series 
I was working in the afternoon, whilst the experiments forming the 
latter series were performed in the forenoon, and I find that the dogs 
have always been fed at llam. Thus, for the first series dogs which 
had had a meal three hours previously were used, whereas the last four 
experiments were made upon animals which had fasted for nearly 
24 hours. 


(3) Influence of rapidity of injection. 


The variations in effect caused by alterations in the rapidity of 
injection are very marked. So much so, that it is impossible to 
compare the results from different experiments, unless the rate with 
which the poison is introduced is a constant factor. Intravascular 

clotting is produced most readily if the dose be rapidly thrown into a 
vein near the heart (eg. the jugular). On increasing the time of 
delivery of the poison into the circulation, either by employing diluted 
solutions, or by pressing down the piston of the syringe more slowly, 
the positive phase (increased coagulability of the blood) is Jess and less 
pronounced. If the duration of the injection be still further prolonged, 
the positive phase, if present, is so rapidly succeeded by the negative 

- variation that this latter appears to be the only result. The negative 
phase becomes more and more pronounced as larger quantities of the 
venom are allowed to slowly enter the circulation. For slow injections 
I have connected a burette containing a very dilute solution of venom 
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in ‘7°/, NaCl with the cannula in the vein, by a piece of rubber tube, 
the calibre of which was controlled by a screw clamp. With this 
arrangement I have been able to introduce large doses (0°005 gramme 
per kilo.) and yet only to produce inhibition of the coagulability of the — 
blood. 

The discovery that the effects on the blood, after slow injections, 
are vastly different from, in fact exactly opposite to, those following 
rapid introduction of the venom, explains why, in my earliest experi- 
ments, I did not obtain the same fluid condition of the blood, as 
Halford’, who used either subcutaneous injection of the venom, or 
else allowed a snake to bite the dog. By these methods delivery into 
the circulation would necessarily be slow, and comparable with results 
obtained by intravenous injection, only in cases in which such injection 


was very gradual. 


(4) Influence of previous injection of the venom into an animal 
| on the result of a subsequent injection. | 


If a small dose of venom (less than 0°0001 gramme per kilo.) be 
introduced into an animal, the blood, as previously mentioned, exhibits 
for about two or three minutes after the completion of the injection, 
an increased coagulability. That is to say samples drawn during this 
period clot sooner than control samples taken previous to the injection. 
At the same time the arterial blood-pressure falls to one half or one 
third of its former height. After twenty or thirty minutes the pressure 
begins slowly to rise and one hour to one bour and a half from the 
time of the injection may have reached to nearly its original height. 
During the whole of this period with the exception of the first two or 
three minutes, samples of blood taken from an artery, clot only after 
some hours, or not at all. 

If now, one hour or more after the first injection a second injection 
containing a much larger quantity (ten or twenty times the first dose) 
be made, the introduction of this second dose does not increase the 
coagulability of the blood in the least. Samples of blood drawn after 
the second injection do not coagulate any sooner than those drawn 
before. I have always introduced at the second injection a quantity 
of the venom which would inevitably produce complete arterial and 
venous thrombosis in an animal which had not been previously sub- 


1 loc. cit. 
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jected to an injection ‘of a dose sufficient to establish a negative 
variation. 

On one occasion I gave a dog yet a third injection containing com- 
paratively speaking, a very large dose, viz.:—002 gramme per kilo. 
This amount, dissolved in 3 c.c. of ‘7°/, NaCl solution, was injected as 
rapidly as possible into the femoral vein. It also failed to produce any 
increased coagulability of the blood, for the samples drawn immediately 
after the injection did not clot at all. 

It would thus appear that the establishment of a negative variation 
confers an immunity, as far as intravascular clotting is concerned, 
against further injections of the venom. This immunity is very speedily 
produced ; how long it may last I am at present not in a position 
to say. 

These facts are capable of explaining how it is one can introduce 
large quantities of the venom into the circulation, provided this be — 
done slowly, without producing intravascular clotting. The first por- 
tion of the injection causes a transitory positive phase, t.e. increased 
— coagulability, but not sufficient to cause actual thrombosis. This is 
immediately superseded by a negative phase, and the establishment of 


_ this inhibitory phase confers immunity — the remainder of the 


injection. 

Before discussing the bearings of ae facts, I shall indicate the 
results of an examination of shed blood which has been subjected to 
the action of the venom, and of some of the reactions of the non- 
coagulable blood itself. 


D. Action of a solution of venom on the coagulation 
of shed blood. 


To determine whether a solution of venom were capable of exerting 
any influence upon shed blood, I dissected out three inches of the 
femoral artery of a dog, and bled from this, directly into a solution of 
the poison. The cut end of the artery was immersed in a ‘7 °/, solution 
of NaCl, containing 0°1°/, of venom. By releasing the compression of 
the fingers a small amount of blood—equal to the volume of the salt 
solution—was allowed to flow into the vessel. The two fluids were at 
the same time freely mixed, by agitating the end of the artery. The 
blood began to thicken in 56 seconds, but clotting did not proceed in a 
normal manner. At the end of an hour a small soft clot formed, which 
on shrinking failed to entangle all the corpuscles. The vessel con- 
taining the mixture of blood and venom solution, could at no time be 
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inverted without upsetting the contents, as could be done to a vessel 
containing a control with salt solution alone. 

On no occasion have I been able to prevent coagulation shabiibee, 
as was done with the venom of the rattle-snake, by Weir Mitchell 


and Reichert’. These authors drew the blood directly into a vessel 


containing a solution of venom (a stronger solution than mine) sur- 
rounded by a freezing mixture. On allowing the temperature of the 
blood to rise gradually, they found it remained permanently fluid. | 

I have never used solutions stronger than 0°1°/, as my supply of 
poison is too limited, and owing to the incidence of the winter season, 
it cannot for the present be reinforced. 


Examination of samples of blood exhibiting the 
negative variation. 


Negative phase blood always shows marked retardation in clotting. 
The delay is so great in some cases that putrefaction sets in before 
coagulation has occurred. The loss of coagulability is the more pro- 
nounced the greater the amount of venom which has been introduced. 


There is not the slightest difficulty in producing this negative phase : 


it is only necessary to introduce the poison sufficiently slowly at first, in 
order that the initial positive variation may not reach the pitch, when 
intravascular clotting occurs. The duration of time before coagulation 
sets in, is in most cases considerably shortened by keeping the samples 
at 37°C. 
~The blood of the negative phase takes up oxygen and gives it up in 
the usual manner and with the exception of its loss of spontaneous 
coagulability and the fact that some of the haemoglobin is dissolved in 
the plasma, does not appear to depart from the normal. I have how- 
ever not yet examined the condition of the blood in respect to the 
amount of gaseous constituents. 
Samples of blood in which the negative chen is not too pronounced 
may be made to clot by the addition of the following— 
(1) Alexander Schmidt’s fibrin-ferment, 
(2) Calcium chloride (sometimes), 
(3) Wooldridge’s 
and by 
(4) dilution, 
(5) passage of CO, through the liquid. 


1 loc. cit. 
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Frequently samples of blood will not clot on the addition of any or 
all of the above list, even when kept at 38°C. Of all the various 
agents mentioned, tissue-fibrinogen exerts the most powerful influence 
in producing a clot. Specimens which still remain fluid after treat- 
ment with all the other four methods, may often be induced to clot by 
the addition of a few drops of an alkaline solution of “tissue-fibrinogen.” 
The addition of “ tissue-fibrinogen” to the serum from such blood as 
coagulates feebly on standing, produces a second clotting. 


F. Significance of these phenomena. 


These phenomena of intravascular coagulation exhibiting positive 
and negative phases, together with the conditions which I have found 
to modify the result, show the closest parallelism with the effects 
observed by Wooldridge’, Wright’, and Halliburton’, to follow 
the introduction of “tissue-fibrinogen” into the circulation. This 
parallelism is still further evident when one compares the behaviour of 
the fluid blood, drawn from an animal poisoned with venom, in which 
the negative phase is pronounced, with the reactions which have been 
found to characterise the blood drawn during the eoereaponding phase 
following the intravenous injection of “ tissue-fibrinogen.” 

Wooldridge in one of his papers‘ thus-summarises the results 
obtained by injecting tissue-fibrinogen :— 

“If a solution of tissue-fibrinogen be injected into a dog in varying 
quantity, the effects observed are: with very small quantities no dis- 
coverable intravascular clotting occurs, but the blood, drawn off after 
the injection clots very slowly, 1—2 hours intervening; with larger 
quantities, intravascular clotting takes place, being as a general rule, 
chiefly confined to the portal venous system—the extent of clot being 


1 “On intravase. coag.”’ Proc. Roy. Soc. 1886, ‘‘ Ueber intravasc. Gerinnung.” Du Bois 
Reymond’s Arch. 1886. ‘‘ Uebersicht einer Theorie der Blutgerinnung.” Ludwig's Fest- 
schrift, 1887. ‘*On haemorrhagic Infarction of the liver.” Proc. Path. Soc. 1887. The 
Nature of Coagulation. Hamsworth and Co. London, 1888. ‘Ueber Schutzimpfung auf 
chemischem Wege.” Du Bois Reymond’s Arch, 1888. 

2 ‘On the conditions which determine the distribution of the coagulation following 
the intravascular injection of Wooldridge’s tissue-fibrinogen.” This Journal, xit, No. 2. 
‘“‘A study of intravascular coagulation produced by the injection of Wooldridge’s tissue- 
fibrinogen.” Proc. Roy. Irish Acad. 8rd Series, Vol. 1. No. 2. ‘On tissue or cell 
fibrinogen in its relation to the pathology of blood.” Lancet, Feb. 27 and Mar. 5, 1892, 

$ “The proteids of kidney and liver cells.” This Journal, x1m. Supplementary No, 
‘‘The chem. physiol. of the animal cell.” Goulstonian Lectures, lecture 3. B. M. J. 
Mar. 25, 1893. 

* Nature of Coagulation, p. 31. 
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greater as more tissue-fibrinogen is injected. The shed blood [from 
other areas] will not clot. The more tissue-fibrinogen there has been 

injected the more complete is this prevention of the [extravascular] 
clotting—the interval between the drawing off and the clotting varying 
from 2 to 30 hours. In most cases the blood can be readily made to 
clot firmly by additions, such for instance, as the ordinary fibrin-ferment, 
and in the great majority of cases it clots firmly on standing.” 

A few pages further on in the same paper he says :— 

“Further, the injection of a very large quantity of tissue-fibrinogen 
always leads to the production of a shed blood entirely non-coagulable, 
either spontaneously, or on addition of leucocytes, or tissue-fibrinogen. 
The only difficulty is this, that frequently the circulation is arrested 
before the required quantity is got in, and then only marked slowing of 
the shed blood is produced.” 

A summary of my experiments showing the effect on the coagula- 
bility of the blood from the intravenous injection of different amounts of 
venom, could well enough be given in the same words as those used by 
Wooldridge, substituting only “ venom” for “ tissue-fibrinogen.” 

_ Wooldridge also found, that variations in the condition of an 
animal, were followed by alterations in the amount and distribution of 
the thrombosis, and Wright’ in following up the researches of this — 

* observer, has very considerably extended our knowledge in this respect, 
as regards both dogs and other animals. 

One of these modifying conditions observed by Wooldridge was 
that in fasting dogs, unless large quantities of the “ tissue-fibrinogen ” 
were injected, the intravascular clotting was limited to the portal area ; 
whereas the same dose given to an~animal_in full digestion produced _ 
clotting extending to the general venous system, right heart and even 
into the arteries. I have shown reason for believing that the blood of 
animals in full digestion exhibits the same increased sensitiveness 
towards the action of the venom. 

I have previously had occasion to mention an experiment of 
Wright’s in which he rendered an animal dyspnoeic by compression of 
the trachea, before injecting tissue-fibrinogen, Wright found that the 
injection of an amount of “tissue-fibrinogen” which would, .in an 
animal not so treated, give rise to clotting only in the portal venous 
system, was under these circumstances followed by intravascular sibs sae 
throughout the whole vascular system. 


1 loc. cit, . 


dy 
; 
; 
a 
| 
| 
i 
if 
3 
é 
it 
‘ 
3 


EFFECTS OF SNAKE VENOM. 391 


Similar experiments with venom produced results corresponding in 
every case to those detailed by Wright. I may add that our able 
assistant Mr Robert Grant who had had the opportunity of helping 
my predecessor Dr A. E. Wright in his experiments, could not indicate 
the slightest difference in the two sets of results, 

Another experimental condition which influences in an exactly 
corresponding ‘manner the results from injections of both“ tissue- 
fibrinogen ” and venom, is the rapidity with which they are inivodueed 
into the circulation. Wright* has already drawn attention to this 
factor as influencing the results from the injection of “ tissue-fibrino- 
gen.” I have experimented with “ tissue-fibrinogen” in order to 
determine this point and find that, as I have indicated to be the 
- case with venom, one can produce at will the positive or negative 
phase by the injection of the same amount of “tissue-fibrinogen,” 

simply by varying the rate at which it is allowed to enter the circu- 
lation. Both “tissue-fibrinogen” and venom may be introduced in 
great quantity, without increasing the coagulability of the blood, once 
the initial positive phase is passed and a negative phase established, 
if the solution be allowed to flow very slowly into a vein. 

In 1888 Wooldridge’ published a remarkable result he had 
obtained with the injection of his “fibrinogens,” viz—that the injection.. 
of one dose conferred upon the animal immunity from further injec- 
tions. I have repeated this experiment with “ tissue-fibrinogen ” with 
the same result; and as I have shown, exactly the same occurs with 
the venom. The first injection produces an immunity, as far as the 
clotting of the blood in the vessels is concerned, from the effects of 
future doses, even when these are very large. 

There is however one result of the injection of “tissue-fibrinogen” 
recorded by Pekelharing*, viz—the presence of “peptone” in the 
plasma during the negative phase—which I have been unable to dis- 
cover in animals after the injection of venom. 

From the very conspicuous analogy between the behaviour of the 
non-coagulable blood obtained from an animal after “fibrinogen” 
injection, Wright‘ has formulated the hypothesis, that the want of 
spontaneous coagulability is due to the same cause in both cases. This 


Proc, Roy. Irish Acad. 8rd Series, Vol. 11. No. 2. 
2 “Schutzimpfung auf chemischem Wege.” Du Bois Reymond’s Arch. 1888, _ 
8 Verhand. d. Konink. Akad. v. oe Tweede Sectie, Deel 1, 
No. 3. 
4 Proc. Roy. Irish Acad. 
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theory of Wright’s is further supported by the fact that conditions 
which influence the result of peptone injections also modify the nega- 
tive phase of blood after fibrinogen injections; the above-mentioned 
statement of Pekelharing, and Wright’s own observation that under 
the same circumstances albumoses appear in the urine, both point in 
the same direction. 

My inability to confirm Pekelharing’s statement as to the pre- 
sence of peptone, appeared to show, that although the two series of 
phenomena had up to this point exhibited such a striking similarity, in 


_ this important respect they differed. 


I accordingly thought it advisable to make experiments with tissue- 


fibrinogen, with the object of confirming Pekelharing’s statement or 


otherwise. The determination of this question I found more difficult 
than I had anticipated, firstly because I am unfortunately unable in 
Sydney to consult Pekelharing’s original paper (I am indebted to my 
friend Prof. Halliburton for the reference to his work) and so am 
ignorant of what method he employed to separate any “ peptone” from 
the plasma. Secondly, I conceive it very probable, that he may have 
used “peptone” to include albumoses, and I knew of no method free 
from sources of error by means of which small amounts of albumoses 
could be separated from the other proteids in plasma’. 

I have however found a method, which is entirely batidiactoes, for 
separating not only peptone, but all the albumoses, from plasma. I 
will here merely state that I have been unable to discover the slightest 
trace of albumose, or peptone in the hos-cosguinble blood produced 
by the injection of either venom or “ tissue-fibrinogen,” and reserve full 
details of the experiments and the methods employed for a further 


communication. 


The parallelism, as far as the coagulation of the blood is concerned, 
between the results of the injection of “ tissue-fibrinogen ” and of venom, — 
is maintained when one examines the conditions under which the two 
kinds of fluid blood may be induced to clot. 

Both these kinds of blood remain fluid, or clot only after the lnpes 
of some hours, the time intervening before the onset of coagulation 


1 In the report of Halliburton’s Goulstonian Lectures in the B. M. J. for Mar. 25, 


1893, speaking of trichloracetic acid Prof. Halliburton says: ‘This reagent precipitates 
all the proteids except proteoses and peptone.” This I find is not absolutely correct, as 


this reagent precipitates the larger proportion of the albumoses, especially of hetero- 
albumose, which Pollitzer (this Journal, Vol. vi.) showed to be the most active in 


producing non-coagulable (peptone) plasma. 
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depending in both cases on the amount of the agent injected. In each 


ease clotting may be accelerated, if the vessels containing the blood be 


placed in an incubator at 37°C. Both kinds may in most cases be 
made to clot by the addition of the following—“tissue-fibrinogen,” fibrin- 
ferment, calcium chloride, and by dilution and the passage of CO, 
through the liquid. | 

So close is the parallelism between the two series of phenomena, 
that one is inevitably driven to enquire, whether, after all, there may 
not underlie them both, an actual identity of process. But in thus 
enquiring, one is confronted by the very striking fact that, in the venom 
experiments, only an exceedingly small quantity of the active agent 
is required to produce an effect negative or positive on the coagu- 
lability of the blood. | 

Wooldridge stated that it required 15 to 2 grammes of his 
“tissue-fibrinogen,” to produce intravascular clotting, in a medium- 
sized dog. This I should imagine, from my own experiments with 
“ tissue-fibrinogen,” is a rather high estimate. However this may be, 
it is certain that in the one case we are dealing with the injection 
of grammes and in the other with thousandths or ten-thousandths 


of a gramme. He also found that his “fibrinogen” disappeared in the 


process of coagulation and presumably took part in the formation of the 


On account of the minute quantity of venom required to produce 
the intravascular clotting, it is hard to conceive that it can operate by 
any such direct action. An important difference between the two series 
of phenomena which I have always noticed is, that whereas with injec- 
tions of “tissue-fibrinogen” the clotting occurs practically instantan- 
eously; so much so, that it frequently causes blocking in the vein 
before one has had opportunity to finish the injection; with venom- 
injections there is an interval of, between (90—100 secs.) before clotting 
occurs in the arteries, but notwithstanding this delay in onset, the 
clotting in cases of venom-injections is much firmer and more extensive 
than I have ever been able to obtain with “ tissue-fibrinogen.” 
Pekelharing*, Wright*, and Halliburton have recently shown 
that the bodies Wooldridge designated “tissue-fibrinogens” consist 


1 Nature of Coagulation and Ueber intravasc. Gerinnung. 
* Virchow’s Festschrift, Bd. 1. 

* Proc. Roy. Irish Acad. 8rd Series, Vol. u. No. 2, 

* This Journal, Vol. x11. Supplementary No. 
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largely of nucleo-albumens, and that these nucleo-albumens are the 
active agents in producing intravascular clotting. ) 
The venom of the Australian black snake does not contain any body 
of the nature of a nucleo-albumen. If a clear solution of venom be 
subjected to artificial gastric digestion, it is quite unaltered in appear- 
ance (no precipitate of nuclein). Moreover by such treatment, it is not 


_ deprived of its toxic properties. 


The question has now to be answered whether, notwithstanding the 
negative result of the examination of the venom for nucleo-albumens, 
there is yet any source, from which through the direct or indirect 
action of the venom (e.g. the production of this toxic agent within the 
organism itself, under the influence of the specific toxic activity of the 
venom) a sufficient supply of nucleo-albumen could be derived. 

With the idea of determining whether venom was capable of disin- 
tegrating cells, and in this way setting free nucleo-albumens sufficient 
to account for the symptoms, I turned my attention first to the 
organised elements of the blood. Wooldridge’ produced intravascular 


coagulation by injecting the stromata of mammalian blood corpuscles, 


and the similar results of Kohler* obtained by injection of the haema- 
globin-stained fluid expressed from warm blood-clot, may no doubt 
be explained as due to broken up corpuscles. Kriiger has confirmed 
Wooldridge’s result as regards the stromata of bird’s blood. | 

That the disintegration of red blood cells gives rise to nucleo- 
albumens, was shown as early as 1881 by Wooldridge® himself. It is 
true he did not give a name to this body which he derived from 
stromata, but he refers to it as, “Ein Eiweisskorper, der mit einem 
anderen an Phosphor reichen Moleciil verbunden ist.” Wooldridge 
came to this conclusion from the fact that by digesting this body with 
gastric juice, peptone and a phosphorous-body, which he compares with 
Miescher’s nuclein, were formed. 

Groth* and Kriiger® have found intravascular coagulation to 
follow the introduction of a saline extract of lymph-glands, containing 
leucocytes, into the circulation. Wooldridge criticised these results of 
Groth and Kriiger on the ground that well-washed leucocytes have no 
such effect, and he ascribed the consequences of their injection to the 


1 Practitioner, 1886. 

2 “ Ueber Thrombose ete.” Inaug. Diss. Dorpat, 1887. 

3 “ Zur Chemie der Blutkérperchen.” Du Bois Reymond’s Arch. 1886. | 
4 “ Ueber die Schicksale der farblosen Elemente im kreisenden Blute.” Dorpat, 1884. 
5 Zeitschr. f. Biologie. Vol. xxtv. 
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fluid and not to the cells. As nucleo-albumens are set free by the 
disintegration of cells, Wooldridge would by his washings separate 
the products of disintegration, whereas erase and Kriiger would 
inject them. 

There is'then abundant evidence that the disintegration of both 
kinds of blood cells outside the body, sets free nucleo-albumens, which 
if introduced into the circulation may give rise to intravascular clot- 
ting, and I do not think it is an unwarrantable assumption that if any 
agent could be found to produce this cell destruction in a wholesale 
manner in the circulation, clotting would result. 

The first animal the blood of which I submitted to the action of the 
venom, was the handy frog. A drop of frog’s blood was mixed with an 
equal bulk of a °7°/, solution of NaCl containing *1°/, of venom. The 
mixture was made on a slide, and speedily covered with a cover glass 
and the edges smeared with oil to prevent concentration of the salt 
solution by evaporation. Within a few moments a disintegration of the 
red cells occurred. They lost their shape, their nuclei became apparent 
and the haemoglobin dissolved out; afterwards they appeared larger 
and circular, and became more and more indistinct, until finally nothing 
could be seen of them, but shrivelled granular nuclei. These shrivelled 
nuclei soon began to swell, the granules became less distinguishable and 
eventually disappeared. The disappearance of the red cells was so 
complete that at the end of fifteen minutes there was nothing except 
the slight colouration of the field, to distinguish the preparation from 
one of lymph. 

The action on the white cells was much slower. For the first 
fifteen minutes I could discover no change in them, but they exhibited 
no amoeboid movements. At the end of this time the nuclei in some 
of them were very distinct, as if fixed by acetic acid. They then 
became intensely granular, and soon began to swell and their outlines 
to grow less distinct, until they disappeared, leaving a small heap of | 
granules to mark their grave. 

During this time, control specimens situated under similar circum- 
stances showed no change and the leucocytes were exhibiting active 
amoeboid movements. 

The action of the poison on the corpuscles of pigeon’s blood is 
similar to the above, but the dissolution of the red cells, with poison of 
this concentration, only occurs after the lapse of about an hour and 
proceeds slowly. 

Did the same extensive destruction of corpuscles take place by the © 
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action of dilute solutions of venom, with the blood of dogs and rabbits, 
one would I think be justified in considering this destruction as a 
sufficient source of nucleo-albumens to explain the phenomena of intra- 
vascular coagulation. 

Such is however not the case. If the human blood or that of a dog, 
or rabbit, be treated in exactly the same way as was the frog’s, and in 
addition kept at the temperature of the body, by means of a warm) 
stage, microscopic examination reveals no change in the red corpuscles. 
The only difference between the leucocytes of the venom specimens, 
and those of the controls is that whereas the latter exhibit amoeboid 
movement the former are still. 

_ Fontana! obtained similar negative results by mixing blood (from 
what animal?) with solutions of viper-poison. Feoktistow’, using 
2°/, solutions of viper-poison obtained dissolution of the red corpuscles 
after 18—24 hours. I have not thought it necessary to examine the 
result of such strong solutions, nor to continue the observations longer 
than a few hours, because the phenomena with which this paper is 
concerned, take place with minute doses and within a few minutes. 

On examining the sanguineous exudation, which collects after the 
lapse of some hours, at the point of inoculation, in animals subcu- 
taneously injected with the poison, I have repeatedly found haemoglobin 
in solution. It would thus appear that the venom does in time, 
directly or indirectly, exert a destructive action on the red corpuscles. 

I have mentioned that venom, when mixed with blood on a slide, 


prevents the display of amoeboid activity on the part of the white cells. 


That the same interference with the vital activity of the leucocytes 
occurs in the body is shown by the following experiment, which is one 
of a series with similar result. 

Two small pieces of sterilised sponge about 1m.m. cube were 
aseptically introduced into the abdominal wall of a guinea-pig. One 
of these little sponges had been soaked in a °7 °/, solution of NaCl con- 


* taining 1°/, of venom, the other in the saline without the venom. 


Both sponges were pushed about a centimetre away from the incision, 
which was afterwards drawn together by a horse-hair suture and 
covered with collodion. After two hours a swelling arose around the 
venom-containing sponge, whereas the other remained of the original 
size. At the expiration of 5 hours the animal was killed and both 
sponges very carefully withdrawn and plunged into absolute alcohol. 


1 loc. cit. ® loc, cit. 
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Sections of the two sponges treated in the same way presented very 
different appearances. The control was infiltrated with leucocytes 
which stained well with ordinary nuclear stains; the other contained 
leucocytes only near the margins and many of these were broken down 
and took the stain badly or not at all. 

From these sponge experiments I conclude, that whereas, into the 
control sponge the leucocytes could by their amoeboid movements 
_ penetrate unharmed, in the other, their activity was paralysed, they 
succumbed and were eventually disintegrated by the solution of the 
venom, 

I have also microscopically examined specimens of blood which had 
been taken from dogs subsequent to the intravenous injection of venom. 
The only departure from the normal that I could discover was that 
many of the leucocytes were gathered together into groups. I cannot 
say definitely under such circumstances whether the number of leuco- 
cytes be diminished or not, as owing to the massing together of the 
white cells, their enumeration with a haemocytometer is very difficult. 
One may examine numerous squares and meet with very few leucocytes 
and in another square encounter a mass of them. On this account a 
conclusion drawn as to their increase or decrease would be worthless. 

‘These results with the blood of dogs do not indicate an immediate 
destruction of corpuscles. There is one fact however which points to 
their destruction to a small extent, viz. plasma obtained from negative _ 
phase blood is always stained with haemoglobin. This has also been 
the case in my experiments with plasma after the injection of “tissue- 
fibrinogen” and Halliburton’ has noted the same fact in his ex- 
periments, so that one cannot accept it as evidence of the direct action 
of venom. 

It is possible that venom may have some action on plasma itself, by 
which nucleo-albumen may be set free. Pekelharing?® was able to 
separate a small amount of these bodies from plasma and Wooldridge® 
obtained from serum a body possessing the same properties, which he 
termed “serum-fibrinogen.” Owing to the fact that nucleo-albumens 
disappear so rapidly from the blood, I cannot at present conceive of an 
experimental method, by means of which one could discover whether or 
not injections of venom do produce such a body from plasma. 

Wooldridge obtained his “tissue-fibrinogen” from very various 


1 Goulstonian Lectures, 1893. ® loc. cit. 
. “On a new Constituent of Blood Serum.” Proc. Roy. Soc. 1887. 


- 
4 
‘a 
2 
“4 
& 
ay 
* 
by 
on 
we 


J. MARTIN. 


kinds of cells and Pekelharing and Halliburton have increased the 
range. One must therefore conclude that the destruction of all manner 
of cells gives rise to these bodies in greater or less amount. Wright! 
has shown that by the extensive disintegration of cells which occurs in 
a resolving pneumonia, nucleo-albumens are set free. He was able to 
separate these bodies from the lungs of patients who had died in this 
stage of the disease, and has by injecting them into the veins of a dog 
produced intravascular clotting. In the case of pneumonia the nucleo- 
albumens would only reach the blood in small nano at a time, and 
would not produce a marked effect. 

From experiments with “ tissue-fibrinogen ” which I have quoted in 
this paper, it will I think be obvious, that if by the action of this agent, 
the coagulability of the blood is to be so increased as to cause intra- 
vascular clotting, they must first be present in the blood in some 
quantity. Even when large areas of cells are disintegrated, as in 
pneumonia, the rate of absorption is so slow, that this condition is not 
fulfilled, though Wright has suggested that it may explain the 
increased coagulability of the blood which has been observed in this 
disease. 
It would be quite otherwise, were the nucleo-albumens the product 
of disintegration of cells in proximity to the blood stream, as are the 
endothelial cells lining the whole of the vascular system. In such a 
case the conditions would be practically the same as if these toxic 
agents were injected from without. . 

That a solution of rattle-snake venom is capable of playing havoc 
with these cells lining the blood vessels has been shown by Weir 
Mitchell and Reichert*. These authors moistened the mesentery of 
a cat, with a solution of rattle-snake poison, and observed under the 
microscope the rapid formation of extensive capillary haemorrhages. 

In a few minutes the whole mesentery became, by the coalescence 
of the numerous haemorrhagic foci, absolutely infiltrated with blood. I 
have repeated these experiments, using black-snake venom, and 
although the action of this poison is less rapid than was the case in 
Mitchell’s experiments, the results were identical. The mesenteries 
of cats or dogs were arranged under a microscope, so as to obtain a 
good view of the circulation in the capillaries. A minute fragment of 
the poison was then placed near that portion of the mesentery, in the 
field of the microscope. In a few moments, without any previous 


1 Lancet, 1892. 2 loc, cit. 
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clouding of the field, or stasis, small haemorrhages appeared. These 
invariably occurred first in those positions where the hydrostatic 
pressure was greatest, viz. from the wall of the capillary near to its 
origin from an arteriole, and where these capillaries branched or joined 
one another at right angles. These tiny haemorrhages increased in 
number and extent until the whole field was one mass of corpuscles. 
These appearances are very characteristic and altogether distinct from 
the escape of corpuscles in diapedesis and I think there is no doubt that 
the venom first damages the capillary wall, and that the pressure 
within causes an actual solution of continuity, the blood escaping 
through this rupture. 

One of the most prominent symptoms in dogs, after the injection of 
a very small dose of venom (i.e. so small that the animal may live a 
sufficiently long time, for the full development of the symptoms) is the 


occurrence of extensive haemorrhages. I have often seen the whole of 


the mucous membrane of the alimentary canal, pancreas and spleen, 
one mass of haemorrhage; and sections of these organs appeared on 
microscopic examination absolutely infiltrated with blood corpuscles. 
Frequently too, more than half of the substance of the lungs is solid 
from haemorrhage into the alveoli and interalveolar tissue, and the 

intima of the aorta and endocardium more or less haemorrhagic. © 
Under these circumstances the bowels are full of — bloody fluid 


and the pleural and pericardial fluid bloodstained. » 


In a case such as I have depicted, the damage to the endothelial 
wall is demonstrated by the passage of the red corpuscles through it, 
but I conceive that the amount of nucleo-albumen at once set free, is 
insufficient to so far increase the coagulability of the blood, as to cause 
intravascular clotting. With larger doses, though one can hardly 
suppose such damage to be less, the demonstration by the leakage of 
red corpuscles out of the capillaries, is often diminished, owing to the 
simultaneous great fall in blood-pressure. With still larger doses no 
demonstration occurs, for the blood coagulates almost at once. | 

Finally I may say that although I believe that the very striking 
facts which I have hitherto observed do warrant the hypothesis 


advanced in this paper, viz. that the phenomena of coagulation 


following the injection of snake-venom are identical, as regards their 
immediate causation, with those described by my friend the late Dr 
Wooldridge as consequent upon the injection of “ tissue-fibrinogens,” I 
am yet quite prepared to entertain a different explanation should 
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does appear to me of real and assured import is, that the observations 
which have been here recorded reveal highly important modifications 
in the constitution and character of the blood, under the influence of 
venom, and that in relation to these facts the snake-venom question 
assumes a somewhat novel aspect. 

In conclusion I wish to express my gralitode to my friend Professor 
Wilson, for much valuable criticism, to Mr Grant for his enthusiastic 
help with the experiments and to the New South Wales branch of the 
British Medical Association for its generosity in granting me a sum of 
money, which has gone far towards defraying expenses. 
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ON THE REACTION-TIME OF MAMMALS TO CHANGES 
IN THE TEMPERATURE OF THEIR SURROUND- 
INGS. By M. 8S. PEMBREY, MA., M.B., Christ Church, 
Assistant to the Professor of Physiology, Oxford. 


(From the Physiological Laboratory, Oxford.) 


SincE Crawford and Lavoisier it has been known that warm-blooded 
animals give off more carbonic acid in cold than in warm surroundings. 
In the present state of knowledge this increase in the carbonic acid has 
been ascribed to a purposive increase in the production of heat by the 
animal, If the carbonic acid be, as many believe, a measure of the 
heat produced, then the following series of experiments deal with the 
‘Latency of Heat-production.’ This title, however, has the disad- 
vantage of giving an interpretation to the facts observed. It is 
probably a true interpretation, but, possibly not the entire truth, 

This paper is an account of a series of experiments upon the 
changes in the respiratory exchange of an animal, when exposed to 
rapid changes of temperature. 

The animal at first selected was the guinea-pig, and the total 
respiratory exchange was determined by Haldane’s method, the 
chamber for the animal alone being modified. Guinea-pigs were, how- 
ever, abandoned on account of the difficulty of quickly varying the 
temperature of the surroundings, and the comparative slowness of the 
reaction, Mice were therefore used, and, by reason of their com- 
paratively large cutaneous surface, they gave very satisfactory results, 
Tn these cases the carbonic acid alone has, at present, been determined. 


The Method adopted in the Experiments, 


The method used for the determination of the respiratory exchange 
is a modification of Haldane’s apparatus’, The present construction 
is shown by the following figure. 


1 Haldane. ‘*A new form of apparatus for measuring the Respiratory Exchange of 
Animals.” This Journal, Vol, x11. No. 5, 1892. 
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It is necessary only to give a few more details about the animal- 
chamber, the determination of the respiratory exchange and the _— 
of changing the temperature. 

The animal-chamber is a beaker of 125 c.c. capacity when closed ; 
the lid is a cork, which has been boiled in paraffin and covered on its 
under surface with wire gauze to protect it from the teeth of the mouse: 
The exit-tube is a glass T-tube of 1 cm. internal diameter, and contains 
a thermometer, which does not project from the inner opening of the 
tube and thus cannot come directly in contact with the animal. In 
experiments of long duration a false glass floor is placed in the chamber 
to raise the animal above any urine which may be passed. =__ 

In making oxygen determinations the thermometers are removed 
from the two chambers, which are then stoppered and weighed. The 
animal is weighed in the closed air-tight chamber against the closed 

air-tight ‘dummy’ chamber. In this way, since both chambers have 
been exposed to similar external conditions, no corrections are necessary 
for air displaced, changes of temperature and pressure. The apparatus 
is weighed on a short beam balance of constant sensibility and accurate 
to two decimilligrams. 

The method used for the  deteeasination of the moisture and 
carbonic acid is one which was worked out by Dr Haldane and the 
author’ of this paper. The determinations are accurate to two deci- 
milligrams. Each pair of absorption tubes weighs about 80 grams. 
- The ventilation through the absorption tubes can be without risk as 
much as one litre per minute. Experiments proving this accuracy are 
given in the paper mentioned. 

The glass coil and the two chambers are placed i in a metal box 
(23 cm. tong, 102 wide, 103 deep), which can be rapidly filled with hot 
or cold water. The temperature is taken by a thermometer in the 
water. | 

The animal was closed in the chamber and subjected to ventilation 
before each series of experiments. The apparatus was always tested 
for air-tightness in each experiment, a pressure of 6 cm. water being 
used. This pressure was at least twice as great as that required to 
ventilate the apparatus in all ordinary experiments, except those of two 
and one minute duration, in which a very rapid ventilation was 
necessary. 


1 Haldane and Pembréy. ‘An iaieinies Methoa of Detormining Moisture and 
Carbonic Acid in Air.” Phil. Mag. April, 1890. 
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Variations in the Discharge of Carbonic acid due to Cuuses other 
than Changes in the External Temperature. : 


It is a well known fact that the amount of carbonic acid discharged 
varies in successive periods. Such variations are chiefly due to 
differences in the muscular activity of the animal, to food and time of 
day. The effects of these conditions must be considered before those 
due to changes of temperature. 

If the carbonic acid be determined several hours after a meal, there 
is generally a decrease in the amount discharged in successive periods. 
The examples A and bb taken from the tables of experiments are given 
on the opposite page to show this decrease in the carbonic acid. 

Hunger causes more uniformity in the discharge of carbonic acid 
in successive periods; this condition is shown by the examples E and aa. 

The effect of muscular activity is shown also by the above results, 
for it will be noted that an increase in the carbonic acid generally 
accompanies active movements of the animal. 


Variations in the Discharge of Carbonic acid tlue to Changes in 
the External Temperature. 

In investigating the effects of changes in the external temperature, 
the general order of procedure has been to make several determinations 
of the carbonic acid for a given temperature, then to raise or lower the 
temperature and determine the carbonic acid. The temperature is now 
restored to its original value and another series of the determinations 
is made. The periods are consecutive. 

At first the effect was observed in half-hourly periods. The results 
are given in full detail in the tables of experiments at the end of this 
paper. Here will be given only some illustrative examples, expressed 
shortly for the sake of clearness. 


Animal Period af Remarks 
White Mouse | dl, 30minutes | -1055 11° Mouse had been shivering, face 
No. 2 B pow ears pale. Mouse active, 
2, ig: 0957 11° ouse less active, ears pale. 
3, pe 0518 81°5 Mouse quiet, sweating, ears 
flushed. 
4, me 0262 32°°5 Mouse sprawled out, sweating, 
: apparently asleep. 
5, is “0815 11° Mouse wakes up, becomes very 
active, ears are pale. 
6, ‘i 0683 11° Mouse quiet, ears pale. 


The mouse was placed in the water bath al for 17 minutes before 
starting this se 
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406 PEMBREY.: 
The periods were now reduced and the reaction observed. 


5 
Black and White BB 1, 10 minutes 0315 9°°5 Mouse active. — 

Mouse No. 1 2, Mouse active. 
0250 PS Mouse quiet. 

4, 0240 Mouse quiet. 

5, ” “0209 9°°75 Mouse quiet, 

0159 29° Mouse quiet. 

; 0116 30° Mouse quiet. 

8, ‘0110 29° Mouse quiet. 

9, ais 0103 80° Mouse quiet. 
10, 0225 10°°5 Mouse active. 

1l, 0247 10°°5 Mouse quiet. 


Mouse active. 


The next series are examples in which the periods were of only five 
minutes’ duration. The effect of the change of ai tabu especially 
from warm to cold, is well marked. 


| 


Black and White | EE 1, 5 minutes | ‘0163 12°75 Placedin cold water 35 minutes 


Mouse No, 1 before EE 1. Mouse active. 
2, “0167 12°75 Mouse active. 
3, “0143 30° Mouse washes itself. Delay of 
about 1 minute in raising 
temperature, 
‘0097 30° ‘Mouse quiet. 


the mouse remaining in the chamber, which was 
ventilated. Water ter bath cooling during interval from 30° to 24°°5. 


EE 5, 5 minutes | -0100 31° Mouse washes itself. There 
Was a slight delay in raising 
the temperature. 
6, 0064 80° Mouse quiet. 
0112 13°75 Mouse very active. 
8, 0186 13°°75 Mouse active. 


_ It was now possible, by means of relays of absorption-tubes and a 
rapid ventilation, to determine the carbonic acid given off in con- 
secutive periods of only two minutes. 


* 
bs CO, T 
Animal Period = Remarks 
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Animal Perio’ of Water Bath 


Black and White | hh1, 2minutes | -0071) 


Mouse No. 2 2, ” *0070\ 18° Mouse active. 

3, 0070 18° Mouse active. 
4, “6 0071 18° Mouse active. 

5, 34°°5 Mouse quiet. 

6, 34° Mouse active. 

7, me -0026 33°°5 Mouse active. 

8, 0027 = Mouse quiet. 


Interval ot 47 dieing ‘the en use remaining in the ventilated chamber, 
- I of water bath=31° (mean). 


30° '| Mouse quiet. 
11, 0020 29° Mouse apparently asleep. 
12, 0023 | 380° Mouse apparently asleep. 
13, *0040° Mouse active. : 
14, 0060 | 18° | Mouse quiet. 
15, ” -0066 18° Mouse active. 
16, : 0054 18° Mouse quiet. 


Note, mouse had been i water bath (18°) for 50 minutes before the beginning 

This series of figures shows that a sudden rise in temperature of 
16 degrees (18°—34°) in the water surrounding the chamber may with- 
in two minutes diminish by 20 per cent. the carbonic acid given off by 
the mouse ; that a rapid fall in temperature from 30° to 18°, ie. 12 
degrees, may increase the carbonic acid by 74 per cent. 

By quick manipulation successful determinations were made for 
consecutive periods of one minute. The figures below show that within 
one minute an increase of 60 °/, in the carbonic acid was obtained with 
a fall in temperature of 12 degrees, but that with a corresponding rise 


in temperature the effect upon the carbonic acid was not seen until the 
second minute. 


CO, 
Black and White | iil, 1 minute 
4, 
5, 0042 Mouse active. 
6; 0036 17° 
7, 0038 17° 
9, “0020 34° Mouse active. 
34° Mouse quiet. 


Interval of 50 minutes ; the mouse was left in the ventilated — 
Be ae in the water bath 30° (mean mean). 
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ii 11, 1 minute 0011 
ouse No. 12, 0011 
13, 0011 Mouse quiet. 
+414, 0010 
15, -0008 80°°5 Mouse quiet. 
16, “0010 Mouse quiet. 
17, 0010 Mouse quiet. 
18, 0016 17°°5 Mouse active. 
19, 17°°5 Mouse quiet. 
20,0 17°5 Mouse quiet. 
Conclusion. 


These experiments show that a mouse reacts almost immediately to 
a change of temperature, increasing or decreasing its production of 
carbonic acid according as the change is from a high to a low, ora low 
to a high, temperature. 

Within thirty minutes of a Pay in temperature of the water 
from 32°5 to 11° the carbonic acid was increased by 211 per cent.; 
within ten minutes of a change from 30° to 10°5 the increase was 118 
per cent.; within five minutes of a change from 30° to 13°75 the 
increase was 75 per cent.; within two minutes of a change from 30° to 
18° the increase was 74 per cent.; within one minute of a change from 
33°25 to 17°5 the increase was 60 per cent. 

The reaction to an increase in temperature does not appear to take 
place so quickly. Within thirty minutes of a change in temperature 
from 11° to 31°5 the carbonic acid was diminished by 46 per cent.; 
within ten minutes of a rise from 9°75 to 29° the decrease was 28 per 

cent.; within five minutes of a rise from 12°75 to 30° the decrease 

was 14 per cent.; within two minutes of a rise from 18° to 34°5 the 
decrease was 18 per cent,; within one minute of a rise from 17° to 32° 
the decrease was 5 per cent. (see experiment jj). 

This difference was repeatedly observed, as will be demonstrated 
by the tables of results. There are possibly several reasons for this 
difference in the reaction-time. It may be that carbonic acid has 
accumulated in the tissues during the previous rapid metabolism of the 
animal, and must be given off later by the lungs. It is possible that 

the animal does not at once diminish its production of heat, but 
increases its loss of heat. 

It must be pointed out that this difference may be in part, but 
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in part only, due to the fact that, in the short periods of one, two and 
five minutes, it is somewhat more difficult to raise the temperature 
quickly than to lower it. The difference, however, in the reaction 
is well marked in the long periods, in which this difficulty was not 
effective. 

There was necessarily a certain latency in the apparatus; the tem- 
perature of the chambers and of the air did not follow immediately 
that of the water. This will be seen from the readings of the thermo- 
meters given in the tables at the end of this paper. The corks and the 
exit-tubes containing the thermometers were not covered by the water, 
although this would be possible without damage, except in oxygen- 
determinations. The first thermometer being placed low down in the | 
dummy chamber reacted more ated than the one in the animal 
chamber. 

Another source of fallacy is the ventilation—some carbonic acid 
from the previous period may remain in the chamber. This error 
was, however, in the short periods greatly reduced by the rapid ven- 
tilation; the capacity of the chamber is 125 c.c., the volume of the 
mouse is 25 c.c., so that the reduced capacity of the chamber would be 
only 100 c.c. It will be seen that a ventilation of 700 c.c. in a minute 
was often employed. 

No attempts have yet been made to ‘alee the temperature of the 
mouse during the experiments, or to make calorimetric determinations. 

This reaction-time of the animal to a change of temperature is 
considered to represent the latency of the production of heat. The 
carbonic acid is a measure, although it may not be an exact one, of the 
heat produced. The condition of the animal during the experiments 
is, from this point of view, interesting and supports the position here 
maintained. When the temperature was lowered about 10—18 degrees, 
the mouse became very active, vigorously washing itself, or attempting 
to get out of the chamber; its cutaneous vessels contracted, its ears 
and face became very pale, sometimes blue. The mouse in a few cases. 
at first had a violent fit of shivering. On the other hand a rise of - 
temperature to about 30° generally made the mouse very quiet or 
go to sleep; its ears and face became flushed and in some cases it 


gweated. 


The greater muscular satkcite of the animal at a low temperature 
would chiefly account for the increased carbonic acid. This is well 
seen during hunger, a condition in which the glandular source of heat 
and carbonic acid has been greatly reduced. 
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Experiments are now being made upon the effect of ether and 
of section of the spinal cord upon this reaction to change in tempera: 
ture; the results will shortly be published.: An investigation upon 
the reaction in cold-blooded animals is also to be commenced. The 
work of other investigators upon this subject will be oem in a 
paper. 

I must express my thanks to Professor Burdon Sanderson and 
Dr Haldane, for-suggestions, advice and criticism. 

A preliminary account of this work was given before the igi 
\sgiial Society at its meeting at Cambridge, May 1893. 


- APPENDIX. 


| It would be tedious to give a separate account of each series of 
experiments; they are therefore collected together at the end of this 
paper. Here they will be only classified according: to the chief ent, 
which they illustrate, | 

The series A, B, F and bb show the gradual decrease in the car- 
bonic acid given off by the animal some time after a meal, and also in 
some cases the effect of muscular activity in increasing the output of — 
carbonic acid. The series C, E, ¢ and aa demonstrate the greater 
uniformity in the amounts of carbonic acid excreted during hunger. 
The series dd and ee show that the quantities of carbonic acid given off 
by the mouse in consecutive periods of two minutes do not vary greatly, 
if the temperature be constant, and they thus prove the possibility of 
determining the reaction-time for two minutes. The remaining experi- 
ments chiefly illustrate the reaction of the animal to bane of sempe 
rature. 7 
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ON THE TRANSFORMATION OF MALTOSE TO 
DEXTROSE. By M. C. TEBB, Girton College, Cambridge. 


In 1880, Brown and Heron published a paper entitled “Some 
Observations upon the Hydrolytic Ferments of the Pancreas and Small 
Intestine’.” In this paper they state that although all regions of the 
intestine possess some power of hydrolysing maltose, no part shows such 
_ marked activity as the separated Peyer’s patches, and the suggestion is 
thrown out that the normal function of Peyer’s patches is to convert 
into dextrose the maltose which has been formed by the action of 
pancreatic juice on starchy foods. 

As these experiments of Brown and Heron formed the point of 
departure for my own work, I will summarise their results briefly, 

(1) The intestine of the pig, washed and then dried rapidly in a 
current of air at 35° and finely shredded, transformed a certain amount of 
soluble starch to dextrin and dextrose. 

(2) Peyer’s patches, washed and dried in the same manner, gave 
rise to dextrin, dextrose and maltose. : 

(3) The dried Peyer’s patches allowed to act on maltose hydro- 

lysed 74°3°/, while only 57°9°/, of the maltose was changed in in a parallel 
experiment with the intestinal wall. 
_ Tt may perhaps strike one as surprising that when soluble starch 
was used for an experiment, maltose should be among the products of 
action of that tissue which has a powerful hydrolytic action upon it, 
nevertheless as to the contrast in hydrolytic vigour Brown and Heron 
are emphatic. They come to the conclusion that while pancreatic juice 
breaks down starch to maltose and only very slowly converts this to 
dextrose, Peyer’s patches, almost powerless on starch itself, take up the 
work at a point where the pancreatic juice is practically inert, and so 
complete the conversion of starch into dextrose. 

On examining the literature of the subject, I have been waite to 
find any account of a repetition of this work; I therefore began the 
following series of experiments. 


? Proe. Royal Soc. 1880, vol: xxx. p. 393. 


¢ € 
a 
fa} 
5 
a 
3 
os 
4 
a 
4 
Yaa 
ag 
aw 
‘ ay 
& 


422 M. C. TEBB. 
Method of Procedure. 

I have not prepared infusions of the fresh tissue for the most part, — 
but have used tissues dried at 37°—40°C. by the method employed by 
Brown and Heron, and have also used saline extracts of these; and I 
have examined the action of Benger’s Liquor Pancreaticus. : 

In making preparations of the intestine, I always scraped off the 
mucous coat, and this alone was dried and used; thus on this point the 
method of procedure varied a little from that of Brown and Heron, — 
who do not appear to have separated the mucous and muscular coats. 

Where fat was present in any appreciable quantity the dried tissue 
was extracted 6—8 hours with ether in a Soxhlet’s apparatus. 

' The reducing power was in all cases estimated by Fehling’s 
solution. 

' ‘The tissues and extracts were allowed to act in faintly alkaline 
media. The experiments were always conducted in the presence of 
antiseptics, thymol, chloroform or boracic acid being used. Throughout 


the experiments I have used tissues from we pig, except in one or two 
cases as specified below. 


A. Driep TISSUES, 
Action of dried pancreas. 


The hydrolytic action of pancreas is slight. 
The details of an experiment are as follows :— 


EXPERIMENT 1. In a flask containing 300 cc. of a 2°7°/, solution of 
maltose rendered faintly alkaline by ‘5 grm. sodium carbonate, I put 15 
grammes of dried pancreas of pig, and allowed the action to go on for 
22 hours at a temperature of 38°C, | 

The contents of the flask were yellowish and gave a ‘marked biuret 
reaction. 

After filtration, the fluid was concentrated to a small bulk on a water- 
‘bath and extracted for 20 minutes with about half a litre of boiling rectified 
spirit, 

The alcoholic extract was filtered =e evaporated to dryness and the 
residue was dissolved in’ water. 

Finding that the peptone was not all removed, 10 c.c. of a saturated 
alcoholic solution of corrosive sublimate was added to the aqueous extract ; 
this was then warmed and in a few minutes yielded a perfectly clear filtrate. 
The excess of mercury was removed by sulphuretted hydrogen. 
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power of the solution (A) 
6-0c.c. reduced 10cc. of standard Fehling’s solution. 

A portion of this solution was boiled gently for half an hour with 22°/, 
hydrochloric acid in order to convert any remaining maltose into dextrose, 
and after cooling and neutralising with caustic soda and diluting to the 
original volume, I estimated the reducing power of this new solution (B). : 

45c.c, reduced 10 c.c. of standard Fehling’s solution. 

Calculation from these two estimations shows that, if the reduction. is 
entirely due to maltose and dextrose, the ratio of these two bodies in the 
solution A is as 1 to 0°31, or | 


In other words, the dried pancreatic tissue has changed 23 79), of the 
maltose into dextrose. 
Confirmatory evidence of activity was furnished by the formation of 
crystals of phenyl glucosazone and by the reduction of Barfoed’s reagent. _ 


The dependence of the manifestation of this activity on the presence 
of a ferment was shown by the negative results of work with dried 
pancreas which had been boiled before the addition of maltose. There 
was complete absence of hydrolytic action in this case, no formation of 
phenyl glucosazone and no reduction of Barfoed’s reagent. 


Action of dried mucous membrane of small intestine. 


My experiments lead me to the conclusion that the mucous mem- 
brane of the intestine has a greater power of hydrolysing maltose than 
has the pancreas. The hydrolysing power was found to vary with. 
different samples of dried intestine, but how far this depends on the 
digestive condition of the animal, I have not worked out. 

The following are details of some of the experiments :— 


Experiment 2. 15 grammes of the dried mucous membrane of the pig’s 
intestine was allowed to act on 300c.c. of a 2°8°/, solution of maltose 
rendered alkaline with about 0°1°/, sodium carbonate in presence of thymol 
for 21 hours at a temperature of 37°C. 

As it was somewhat difficult to remove the fluid from the now swollen 

tissue by filtration, centrifugalisation was adopted, and the fluid was con- 
centrated on a water bath to a small bulk, and was then extracted with 
rectified spirit. The alcoholic extract was filtered and the alcohol removed 
by distillation, The residue was then dissolved in a convenient quantity 
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of water. Of this solution (A) 6°9¢.c. were required to reduce 10¢c.c. of 
Fehling’s solution. | 

The solution (A) was boiled gently with 2°/, Hydrochloric acid for 35 
minutes, cooled, neutralised with caustic soda and diluted to the original 
volume, Of this new solution (B) 6-3 c.c. were required to reduce 10c.c. of 


Fehling’s solution. 


Calculation shows that after digestion the sugars were present in the ratio 
d = 9:75 
In other words 73°3°/, of the maltose had been converted into dextrose. 
_ On treating with phenyl hydrazine abundant crystals of phenyl glucosa- 
zone were formed. 
The control experiment with boiled tissue in this as in all other 
cases gave no evidence of any formation of dextrose. 


Experm™ent 3. In this case the mucous meinbrane of the pig’s intestine, 
freed from Peyer’s patches, was used. 

8 grammes of the dried tissue was put with 160 c.c. of a 27 °/, solution of 
maltose with 0°25°/, sodic carbonate and 0°5°/, bes. and digestion was 
allowed to go on for 234 hours at 40°C, 

It will be seen that the quantities of tissue and sugar are in the same 
proportion as in the previous experiments, and the operations were the same 
as in Experiment 2 with the addition that a little animal charcoal was used 
to decolourize the solution (A). 

Boiling the solution (A) with 2°2°/, hydrochloric acid gave scarcely any 
increase in the reducing power, the reducing power of A to B being as 9:2 to 
9°1. Hence the dried tissue had converted the maltose almost entirely into 


dextrose. 


_ Experment 4. 10 grammes of another specimen of mucous membrane 
of intestine freed from Peyer’s patches was allowed to act on 200c.c. of a 
2-7 °/, solution of maltose, with 0°25 °/, sodic carbonate and 0°5°/, thymol, for 
22 hours at 39°C, 

The ratio of maltose to dextrose in the digested solution was calculated 
to be 7 
m 
2-04" 
EXPERIMENT 5. 15 grammes of another specimen of mucous membrane, 
freed from Peyer's patches, was allowed to act on 300 cc. of a 28°, 
solution of maltose for 19 hours at 39°O. 


The ratio of maltose to dextrose in the digested solution was calculated 


to be 
m 


162° 
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ExpeRIMENT 6. 7 grammes of another specimen of mucous membrane 
freed from Peyer’s patches was allowed to act on 140 c.c. of a 2°7°/, solution 
of maltose for 21 hours at 39°C. 

The ratio of maltose to dextrose in the digested solution was 

m4 
402° 


Action of dried Peyer's patches. | 
Peyer’s patches, cut from the intestine with adherent muscle layer 
and dried, have always given me low values for the hydrolysing power 
on maltose. 
In one experiment where digestion was carried on for 19 hours the 


ratio _ was found to be oan a successful control experiment being 


performed at the same time; and in another experiment where di- 
gestion was allowed to go on for 22 hours in the incubator, and for 24 
hours longer at the temperature of the laboratory, I found the ratio 
mj 
ad 125° 
I further compared the activity of Peyer’s patches and the mucous 
membrane of the intestine of the same pig. 


EXPERIMENT 7. 15 grammes Peyer’s patches was allowed to act on 
300 c.c. of 28°/, solution of maltose at 38°C for 19 hours. The proteids 


being removed in the usual manner the ratio of maltose to dextrose was _ 
found to be 


0:58" 
15 grammes of mucous membrane of intestine was allowed to act on 


the same amount of maltose under the same conditions. The ratio of 
maltose to dextrose was 
1 


EXPERIMENT 8. 7 grammes Peyer’s patches was allowed to act on 
140 c.c, of a 2-7 %/, solution of maltose for 21 hours. Pas ratio of maltose to 


dextrose was 
m 1 
dad 065° | 
When the mucons membrane of the intestine was used, the ratio was 
found to be ° 
| 
402° 
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From the above I can only conclude that Peyer’s patches are less 
active in hydrolysing maltose than is the intestinal mucous membrane. 


Action of dried Lymphatic glands. 
Since Peyer’ s patches consist chiefly of lymphoid tissue, I deemed 


it advisable in this connection to examine the activity of the dried 
lymphatic glands themselves. 


Experment 9. 15 grammes dried glands of 
allowed to act on 300 c.c. of a 2°8°/, solution of maltose for 2) 
39°C. The ratio of maltose to dextrose was 


m9 
d = 035° 


_ In the control experiment with boiled tissue es maltose was 
found. 7 


Experiment 10. 6 grammes of ‘sashes glands taken from the neck 
of a pig was allowed to act on 120c.c. of a 2°7°/, solution of maltose for 
22 hours at 39°C. 

Maltose and dextrose were found i in the proportion 

m ti 
093° 
This shows that lymphatic glands possess the power of hydrolysing 


21 hours at 


Action of other dried tissues. 
Salivary gland. According to Musculus and y. Mering, saliva 
acting on starch paste produces some dextrose as well as maltose; I 


have tried the action of the dried submaxillary gland of the pig on 
maltose itself, and have found some conversion to dextrose. 


EXPERIMENT 11. 10 grammes of the tissue was allowed to act on 200 c.c. 
of a solution of maltose containing rather less than 3.°/, maltose. After 
21 hours maltose and dextrose were present in the ratio a8 . The control 
experiment gave no evidence of dextrose. 


Apparently then the conversion of maltose to dextrose effected by 
the submaxillary gland is appreciable though slight. 

Liver. The liver of a dog which contained much blood and but a 
small quantity of sugar was, after drying, allowed to act on maltose, 
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under the same conditions as those described above for intestine, etc., 
for 174 hours, Maltose and dextrose were present in the ratio 
ad 113" 
Two control experiments were performed at the same time (i) with 
_ liver previously boiled, all other conditions being the same; in this case 
there was no evidence of any dextrose; (ii) with all other conditions 
the same except that no maltose was added the reducing power was so 
small as to be negligible. 
If the liver contained much sugar this was freed from it by dialysis, 
in running water for two days, thymol or chloroform being added. 


Experiment 12, 10 grammes of the dried liver of pig was dialysed till 
free from sugar; 5:4 grammes maltose was added and the whole made up to 
250 c.c., and placed in:‘the warm bath for 21 hours. Owing to the large 
amount of colouring matter present in the liver, the proteids were removed by 
basic lead acetate, and the excess of lead by sulphuretted hydrogen. The 


filtrate was quite clear and colourless and maltose and dextrose were found — 
in the ratio | 


As se rig’ s liver employed contained a scandals quantity of 
blood, and as blood has a hydrolytic power on maltose, I thought it 
advisable to test the action of liver free from blood. An hour after the 
death of a young pig the liver was injected through the portal vein with 
cold normal salt solution until there was no longer any red colour. 
This operation lasted about 50 minutes. The blood was in this way 
completely or nearly completely washed out. The issue was then dried 
in the usual way at a temperature of about 35°C. The sugar was 
removed by dialysis. 


Experiment 13. 15 grammes of the dried blood-free liver was sBewes 
for 224 hours at 37°C. { 


The ratio of maltose to dextrose was found to be 7 = 57. 


Hence the dried liver has the power of eens maltose. 
Kidney, 


Expgnimmnt 14. 10 grammes of the dried kidney of pig was allowed 
to act on 200cc. of a 2°7°/, solution of. maltose for 18 hours at 39°C. 


3 
4 
Bt. 
ae 
fd 
4 
x 
oy 
_ 
49 
. 


- 


| 


428 M. C. TEBB. 


Maltose and dextrose were found in the digested solution in the ratio 
m 1 
0-64" 
This experiment was repeated under the same conditions, but digestion 
was carried on for 19 hours, and the proportion of maltose to dextrose was 


found to be 7 = 0-68" 


Hence dried kidney can convert maltose fo dextrose. 


Stomach. The mucous membrane of the stomach of a pig was 
detached from the muscular coat, and the former alone dried. 
EXPERIMENT 15. 9 grammes of this dried stomach was allowed to act on 


180 c.c. of a 2°7°/, solution of maltose under the usual conditions and the 
results obtained were : 


(i) S saat after a digestion of 17 hours, 


(ii) qd op after a digestion of 21 hours. 


Hence there is some conversion of maltose to dextrose by dried 
mucous membrane of stomach but it is not very great. 

Striated Muscle. 

Exerment 16. 10 grammes of dried muscle of pig which had been 
dialysed to remove any sugar that might be present, was allowed to act on 
200 c.c. of a 2°7°/, solution of maltose for 19 hours at 39°C. The pro- 
portion of maltose to dextrose in the digested mixture was 

. 


0°20" 

Hence dried muscle has a power of pi maltose to a 
slight extent. 

Spleen. 

EXPERIMENT 17. The solniis of a pig was dried and 9 grammes of the 
tissue allowed to act on 180 c.c. of a 2°7 °/, solution of maltose, alkaline with 
0-25°/, sodic carbonate, thymol being used as antiseptic. Digestion was 
continued for 21 hours and in the digested fluid the ratio of maltose to 


dextrose was found to be = 

This was the only experiment I performed with spleen and from it I 
conclude that dried spleen possesses considerable hydrolytic power on 
maltose, though how far this action is dependent on the tissue itself and 
how far on the blood contained in the organ, it is not possible tom this 
experiment to say. 
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B. FRESH TISSUES. 
Action of fresh intestine. 

Experiment 18. The mucous membrane of a pig’s intestine, without 
any Peyer’s patches, was detached from the muscular coat and was finely 
divided and put into water saturated with chloroform until required for use. 
The pieces of intestine were separated from the chloroform watet by centri- 
fugalisation and pressure through linen, and 100 grammes in the moist con- 
dition (which when dried would weigh 10-7 grammes) was put with 200 c.c. 
of 3°/, solution of maltose, saturated with chloroform water. After a 


digestion of 23 hours the maltose was found to have been almost oe 
converted into dextrose. 


The chloroform water in which the intestine had been Stpueteg was also 
found to be markedly active. 


From this experiment I conclude that the ferment activity of 
the intestine is not developed by the mere process of drying at a 
temperature of 35—40, but is a function of the fresh tissue, and that the 
ferment can be extracted by chloroform water. 


Action of Serum. 


Experiment 19, Maltose was added to serum from pig’s blood diluted 
with 3 volumes of water until 2-7 °/, of the sugar was present, and digestion 
was allowed to go on for 233 hours. 

The maltose was completely converted into dextrose. 


The experiment was repeated with precisely the same result. 

A control experiment was performed where the serum and maltose 
were rapidly heated to boiling immediately after mixing them; in this 
case after removal of the proteid all the sugar was present as maltose. 

Pig’s serum possesses therefore great power in hydrolysing maltose. 

Assuming that serum contains 8 °/, solids, this corresponds to about 
2 grammes of solid serum to every 100 c.c. maltose solution. Of the. 
dried tissues previously mentioned, 5 grammes were used to every 
100 c.c. of maltose solution. . 

Bial' has shown, by means of a determination of the nitrogen in the 
osazone formed from the digested mixture, that blood has the power of 
converting maltose to dextrose. 


1 Pfliiger’s Archir, Bd, i111. 8. 156. 
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Action of Bile. 
ExpermmEnt 20. Maltose was added to pig’s bile from the gull-bladder 


- diluted with 3 volumes of water until 2-7 */, of the sugar was present, and 


digestion was carried on for 43 hours. 

Since the bile contained a quantity of mucin and colouring matter I used 
basic lead acetate as a precipitant instead of alcohol. To the digested 
mixture 5 c.c. of saturated basic lead acetate was added. The filtrate was 
clear and colourless. The excess of lead was removed by sulphuretted 
hydrogen, and after concentrating to # convenient bulk there was found to 
be a very slight conversion of maltose to dextrose. 


A control experiment was performed where the mucin, etc. were 
removed immediately after the addition of the maltose to the bile and 


in this case no action was found to have taken place. 


So I conclude that pig’s bile has a — oe action on 
maltose. 


C. Exraacra or 
Action of extracts of the Dried Tissues. 


In view of the marked hydrolytic activity of the dried intestine, I 
thought it advisable to try and make some extracts which should also 
be active; this I did by soaking the dried tissue in a 5°/, solution of 
sodium sulphate for a day in an incubator, either thymol or a mixture 
of 2°/, boracic acid and 1°/, borax being used as an antiseptic. 

60 grammes of the dried tissue was soaked with 300c.c. of this 
solution, and next day after-adding 100 cc. water the mixture was — 
centrifugalised. When 2°7 °/, maltose was digested over night with one 
part of this extract added to three parts of water, it was found that 
more than half the maltose was hydrolysed. Some of the solution was 
boiled and then had no action. 

A 5°/, sodium sulphate extract of dried lymphatic gland was also 
made and when this was allowed to act on maltose, a small proportion 
of dextrose was formed. Similar extracts of dried pancreas and _— 
liver were found also to be active. 


, Action of Benger’s “ Inquor Panereaticus.” 

I used chia fluid in 10°/, solution with 1 */, sodium carbonate, and | 
im that when mixed with starch paste there was a rapid disappear- 
ance of the iodine reaction and maltose was formed. Yet even after 
das days’ digestion, I could detect only a trace of dextrose. An 
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appreciable quantity of dextrose however is formed when Benger’s 
fluid is used in concentrated solution. 

I also tried the action of Benger’s fluid in 10°/, and 20°, ntation 
on maltose; after digesting for 24 hours with 1:5°/, maltose I found 
there was no increase in the reducing power; nor was there any change 
in reducing power in a control experiment where previously boiled 
Benger’s fluid was used. In neither case could I obtain any dextro- 
sazone. However, when Benger’s fluid was used in about 50°/, 
solution I found that some maltose had become converted into dextrose, 
crystals of dextrosazone being obtained by adding phenyl hydrazine to 
the digesting mixture after removal of the proteids. | 

From these experiments it appears that Benger’s Liquor Pan- 
creaticus does not possess the power of hydrolysing maltose to any 
marked degree. 3 


Summary. 


The results of the work detailed in the foregoing pages may be 
summarised as follows :-— 

(1) Dried pancreas, mucous membrane of the small intestine, 
Peyer’s patches, lymphatic glands, salivary glands, liver, kidney, 
stomach, spleen and striated muscle possess the power of converting 
maltose to dextrose. 

The following i is # tabular statement of the relative activities of the 
tissues in the pig. The numbers are arrived at by taking the mean of 
those experiments in which the duration of the digestion differed very 
little, the proportion of the various tissues to maltose being, as already 
stated, the same. 


Mucous Membrane of small m ce 

intestine 321° 

1 

1 

| 

 Peyer’s patch | 

Kidney | mean 


= 
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Pancreas 

Salivary gland | 
1 


(2) The mucous membrane of the intestine is by far the most 
active. 

(3) Serum is active, and bile toa small extent. _ 

(4) Active extracts of the intestinal mucous membrane, of lym- 
phatic glands and of pancreas were obtained by extracting the tissue 
with 5°/, sodium sulphate. 

(5) The activity of Benger’ s fluid in 10°/, and 20°), solution is 
only slight. 

It is clear that with regard to the experiments of Sruies and 
Heron, as far as I have repeated them, my results are only partially in 
accord with theirs. 

Like them and other observers, I find ve extracts of the pancreas 
and the tissue itself possess the power of converting maltose to dextrose 
to a small extent, and I confirm their statement that the intestine 
possesses this power to a far greater extent. I do not however agree 
with them in assigning to Peyer’s patches the principal part of this 
work during the digestion of carbohydrates; for I find that the activity 
of Peyer’s patches is considerably less than that of the mucous mem- 
brane. 

Since dried pancreas and pancreatic extracts are very active on 
starch and exert but little action on maltose, while the mucous 
membrane of the intestine, only slightly active on starch, exerts a far 
greater action on maltose, it seems not improbable that two distinct 
ferments are present; one the ordinary amylolytic ferment whose action 
is like that of diastase, producing by its action on starch only 


maltose; the other a ferment which takes up the work where the first 


has left off, and converts the maltose into dextrose. aS 

I take this opportunity of expressing my thanks to Dr Foster for 
his kindness in allowing me to work in his laboratory, and to 
Dr Shore for the helpful suggestions he has given me throughout. 


J une, 1893. 
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THE NATURE OF THE WORK OF THE KIDNEY AS 
SHOWN BY THE INFLUENCE OF ATROPINE AND 
MORPHINE UPON THE SECRETION OF URINE. | 
(First Communication.) By W. H. THOMPSON, 


(From the Physiological Institute, Leipzig.) 


Ir was shown during the past year by Dr G, Grijns? who worked in 


Prof. C. Lud wig’s Laboratory that the temperature of the urine in the 
pelvis of the kidney immediately after secretion is often higher than 
that of the blood in the aorta. 

There is thus a redistribution of the potential energy carried by the 
blood stream to the kidney together with the production of heat such as 
one is accustomed to associate with the functional activity of 
“secreting” glands like the pancreas or salivary glands, _ 

Now it is well known that atropine has an inhibitory effect upon 
the secretory activity of these glands. It became therefore of interest 
to determine how far the kidney would correspond in this respect, if at 
all, to the glands mentioned. Accordingly with the advice and per- 
mission of Prof. C. Ludwig, to whom my best thanks are due, I 
undertook an investigation into this subject, the results of which are 
given in the following pages, : 


I, Method of carrying out the Experiments. 


For this purpose, large, healthy young dogs were chosen, The urine 
was collected by placing suitable cannulae in the ureters. This was 
done at a considerable distance from the kidneys in order to avoid 
mechanical or other interference with these organs; for as is well 
known, this would of itself diminish or arrest the secretion of urine for 
a time, 


1 Grijns, “Die Temperatur des in die Niere einstrémenden Blutes und des aus ihr 
abfliessenden Harnes.” His u. Du Bois Reymond’s Archiv f. Physiologie, 1893. 
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The ureters were reached from the front by making a small incision 
in the abdominal wall over the outer part of the rectus muscle, at a 
point somewhat below the crest of the ilium. The sheath of the muscle 


was then incised to a corresponding extent, the rectus hooked inwards 
_ and the posterior layer of the sheath divided. The abdominal cavity 


was in this manner sufficiently opened to allow one finger to be 
inserted, when the ureter could readily be felt where it crosses the 
common iliac artery. It was then brought to the surface and the. 
cannula securely tied in. This being done, the organ was immediately 


returned into the abdominal oarity and the wound closed around the 
stalk of the cannula. 


When the the urine was ‘led from the 
cannulae into ordinary glass measure cylinders of 30 c.c. capacity. Into 


_ these it could be seen dropping periodically, two or three drops at a 


time, corresponding to the rhythmic contractions of the ureters. 

In the first experiment, I attempted to collect the urine from. the 
bladder by a catheter and syphon arrangement, but at once discarded 
this method as not being sufficiently accurate, 

The urine was collected, in the way described, for an hour, the drug 
was then administered by intravenous injection, and the urine collected 
for a second hour. At the end of this second hour, the glasses were 
once more changed, and the urine again collected for a third hour. In 
some of the experiments a fourth, or even a fifth collection was made. 

The amount was at once recorded in each case and the urine 
preserved for the analysis which in most instances was commenced on 


_ the day of the experiment. In order to prevent decomposition however, 


the urine was immediately brought into small tightly corked flasks, 
thymol having previously been added, and the whole preserved in an ice 
chest. When the experiment was completed, the animals were killed 
by means of an anaesthetic, and the —— removed for examination. 


IL. Methods employed for making the Analyses of 


The analyses made were, first an estimation of the total nitrogen, 
and second an estimation of the amount of urea, in each eames. of 
urine taken. 

The total nitrogen was estimated by the method of Kj jeldahl. 

For estimating the urea, the method chosen was that introduced a by. 
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Morner and Sjéqvist'.. This is & method which I venture to speak 
very highly of. Indeed none’ of the methods ordinarily employed in 
this country can I think compare with it for accuracy. The only draw- 
back it has, is the cost of carrying out the analysis, owing to the _ 
quantities of alcohol and ether consumed, 

_ The other metliods at one’s disposal .are I believe much, too in- 

accurate for scientific purposes. Liebig’s gives in reality only an 
approximate estimate of the total nitrogen. This is seen when its 
results are compared with those of the Kjeldahl method. The 
hypobromite method is little if at all better, for not only is the nitrogen 
_ of urea liberated, but also to a great extent that of. kreatinin, uric acid, 
and the ammonia compounds. Even oxygen is set free under some 
circumstances, 

The Morner and Sj dq vist method hes nat hitharte so far as I am 
aware been employed in this country ; 7 a short ‘description of it: — not 
be out of place. 

The principle upon which it depends lies i in the fact that, while urea 
is veaiie soluble in a mixture of alcohol and ether, the other’ nitrogen- 
holding substances especially their compounds with barium are: very: 
insoluble. The only exceptions to this statement are the ammonia 
salts, but these are got rid of during the process as will be seen. © 

In carrying out the method 5 cc. of urine are measured into @ small 

flask of about 200c.c. capacity. To this are added 5.c. of a -mixture 
which contains 350 grms. of BaCl,, and 50 grms. of Ba(OH), in a litre 
of water. The two are mixed and then 150 cc. of the alcohol and ether 
mixture are added; this consists of two parts of ordinary alcohol (96 °/,) 
to one part of ether. The flask is now tightly corked, the contents 
shaken up, and the whole allowed to stand for 24 hours. The solution, 
which contains urea and ammonia is then filtered off, the precipitate 
carefully washed with about 100c.c, of the alcohol and ether mixture, 
and the filtrate evaporated down to.10 or 15 c.c. in a porcelain capsule, 
on a water bath. The temperature of the bath must not exceed 60° C. 
_ During. the evaporation the ammonia ‘previously set free by the 
| baryta mixture is driven off. Should the urine have been highly acid, 
it is desirable to add a little magnesia during the evaporation. The 
contents of the porcelain capsule are now. carefully washed into a 
Kjeldahl flask and the nitrogen estimated in this manner. 


gsmethode.”  Skandinay. Archiv 


1 Méiner Sjoqvist. “Kine Harnstoffbesti 


Chemie, Bd. xv11. 1892. 


Physiologie, Bd. 1. 1890. Also Bédtker: Zeitachrife f. physiolog. 
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In some of my experiments the urine was slightly tinged with 
blood, and consequently contained albumin. It was therefore necessary 
to get rid of this before estimating for the total nitrogen of the urine 
itself. In order to do it the urine was boiled in a small tightly 
stoppered bottle which was opened after cooling, and the pure urine 
filtered off. Before boiling, a drop of strong acetic acid was added. 

When the quantity of urine was sufficient, the amount of albumin 
was determined and in all cases was found to be very small. The 
method of determining it was to estimate the total nitrogen before and 
after precipitation of the albumin; the difference naturally gave the 
nitrogen of the albumin. , 

IU. Administration of the Drugs. 

These were directly injected into the circulation by means of a 
cannula inserted into the right jugular vein. In the first four 
experiments a solution of urea in normal saline fluid was also in- 
troduced into the venous system. This was judged to be necessary 
under the impression that sufficient urine to make the required 
estimations would not otherwise be obtainable in the time. The solution 
was injected in two equal quantities, at the beginning of the first and 
second hours. Later experiments however showed that this procedure 
was unnecessary, and was moreover liable to introduce a source of error. 
Consequently it was abandoned. 

Now it is known that atropine may be impure from the presence of 
hyoscyamine or duboisine. It was therefore necessary to ascertain that 
the drug was pure. This can readily be done by means of the 
polarimeter, for whereas atropine does not affect the plane of polarised 
light, the other two drugs bring about a rotation. I accordingly 
examined my solution of atropine, with the result that no deviation 
could be detected in a tube 40 c.m. in length filled with the solution 
I. employed, viz. 0°8 per cent. This was verified by my friend Dr Max 
Liegfried, to whom I am also indebted for other valuable maven and 
assistance in the course of the investigation. 

The amount of atropine administered varied from 14 to 2 mgrma, 
per kilo of body weight of the animal used. The quantity of morphine 
given varied from 3 to 5 mgrms. per kilo of the body weight. | 

The doses though large were not by any means fatal. This is 
shown by. the fact that the kidneys had recovered to a very great 
extent from their influence in the second hour after administration. 
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Indeed in many cases the amount of urine secreted during this hour 
exceeded that during the hour prior to giving the drug. 


IV. Results of the Experiments. 


The number of experiments carried out so far, amounts to eleven in 
all, These are arranged in three classes;—those in which atropine 
alone was given; those in which atropine with morphine was ad- 
ministered ; and lastly, those in which morphine alone was injected. 

Six experiments, numbers II, to VII. (inclusive), fall into the first 
group, three numbers I. VIII. and IX. into the second, and two only, 
X. and XI. into the third. 

In the following tables I have grou vuped the experiments in 
accordance with this arrangement. 


1. Influence upon the amount of urine. 
Atropine alone given. 


Experiment 1st Hour 2nd Hour 3rd Hour 
II 34 cc. 16 ce. I ac. 
III. 233 ,, 20} ,, 
IV 464 ,, 64 ,, 60 ,, 
V.(1) 347 303 ,, 37} 5, 
VI. 482 ,, 354 ,, 544 ,, 
VII 433 ,, 352 ,, 403 ,, 

Atropine with Morphine given. 
I. 56 Ca, 44 ,, 

VITLI.(2) 202 ,, 

94 ,, 227 ,, 

Morphine alone given. 
X. 16% 11} , 15} 
XI. 


(1) ‘The urine was collected for periods of 14 hour in this experiment. 
(2) The urine was collected for periods of 2 hours in this experiment. 


When we examine this table we see that a diminution has occurred 
in the quantity of urine secreted during the second hour in every case 
except experiment IV. In the third hour the quantity has as a rule 
again increased, approximating and in some of the experiments 
exceeding the normal of the first hour. 

In one experiment however, the queauty is almost nil during the 
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third hour, viz. experiment II. In this instance the dog died a few 
moments before the end of the hour, the secretion of urine having been 
almost completely suppressed for more than an hour. 

- The dose of atropine administered was tolerably large but I do not 
attribute the dog’s death to this cause. The animal's temperature rose 


to a great height, and I have no doubt hyperpyrexia was the cause of 
death. This was one of the experiments in which a saline solution of 
‘urea was injected into the circulation. It is to this I attribute the 


4 


rise in temperature: at all events it occurred only in those cases in 
which the saline solution of urea was injected. 

The introduction of the solution of urea also accounts for the 
exception in experiment IV. In this case a large quantity of fluid 


(500 c.c:) was twice injected, viz. at the beginning of the first and 


second hours—much more than was got rid of by the kidneys in the 
hour. The experiment forms an exception all through, no doubt owing — 
to this fact. It is not without interest however, since it shows that by 


introducing a large quantity of fluid into the circulation the effects of 


atropine may be overcome. 

In the morphine experiments the diminution during the second 
hour, and subsequent return during the third, were even more marked 
than in those where atropine alone was used. Moreover in most of the 


cases, morphine produced a temporary arrest of the secretion im- 


mediately after its administration, lasting from 15 min. to 2 hrs. 


2. Effect on the amount of urea excreted. 


Except:in a few cases where the quantity of urine was insufficient, 
two estimates were always made for each sample of urine, The results 
closely agreed in every instance. The numbers given in the following 
tables are the means of these two estimates. 


Taste II, Showing the quantity of urea excreted per hour. 
Atropine alone given. 


Experiment 1st Hour  @nd Hour 8rd Hour 
II 3-16 grms 1:51 grm 
II} 2°86 1:64 2-08 grins 
IV 4°88 ,, 596 ,, 587. ,, 
V.(1) 3°80 ,, 
VI 150. .,,. 1-44 ,, 
VII 3°86 ,, 3°34, 
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SECRETION OF URINE. 
Atropine with Morphine given. 


143 grms (0-69 grms” 

IX. 1:23 ,, 163 

Morphine alone given. 
072 ,, 1°55 


(1) ‘The quantities in this experiment were those exoreted in NW hour 
in each ease. 
(2) The quantities here are those anaes in 2 hours in each case, 


“In this table we see that the quantity of urea also is diminished 
during the second hour with a subsequent return in the third’ hour. . 
The diminution is even more marked than in the case of the urine. 
This is accounted for by the fact that not only is the quantity of urine 
diminished during the second hour, but the percentage quantity of urea 
which it contains is also lowered. This will be seen on examining the 
next table, The — seen in experiment. IV. has been already 
explained. 


the wrine secreted. 


Atropine alone given. 


Experiment 1st Hour 2nd Hour 8rd Hour 
II. 9°28 °/, — | 
ITT. 10°21 °/, 
LY. 9°32 ,, - 
Vv. 10°84 ,, 10°42 ,, 10°13 ,, 
VI. 3°09 ,, 2°95 ,, 262 ,, 
VII. 8:83 ” 9: "34 ” 8°52 ” 
ee with Morphine given. | 
VIII. 10°70 ,, 
8°58 ,, 6°80 ,, 
Morphine alone given. os 
X. 9-49 ,, 7°46 ,, 8°33 ,, 
XI. 9°64 ,, 4°82,, 5°94 ,, 


On examining the above table we see that the percentage amount 
of urea contained in the urine is diminished during the second hour. 
_ There is also in this particular a return during the third hour towards 
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440 H. THOMPSON. 
the normal condition of the first. .As will be seen there is a greater 


diminution in the experiments where morphine was employed. The 
only exception in the table is experiment VII. 
3. Effect on the total nitrogen excreted in the urine. 
Taste IV. Showing the total | Taste V. Showing the per cent. of 


nitrogen excreted per hour. total nitrogen excreted in the wrine. 
Atropine alone given. Atropine alone given. 

Exper 1st Hour 9nd Hour 8rd Hour | Hour nd Hour 8rd Hour 

I 158%, 0807, — Il 4439 4427 — 
Ill, 1:46, 092, 113 grms| IIL 620, 5:10, 550°, 
IV. 257,, 308, 289 , IV. 553, 481, 478, 
V.0) 193, 165, 201 V. 6569, 536.,, 
VI. 0-78,, 055, 083 410, 
VIL 103, 171, 181 , | VE 4, 


Atropine with Morphine given. Atropine with Morphine given. 
VIII.(2)101,, 032, 084 ,, | VIIL 595, 361, 416,, 
IX, O71, 0387,, 0-85. ,, 
Morphine alone given, 3 Morphine alone given. 
XI. 097, 0-49,, 0-92 ,, 73%, 


(1) The quantities are those for 
1} hour in this experiment. 


(2) The quantities are those for 
2 hours in this experiment, - 


In the above tables we see that the influence of the drugs upon the 
total nitrogen is similar to that upon the urea. It differs in one 
important particular however :—the diminution of total nitrogen 
is not so marked as is the diminution of urea. This will be 
more clearly shown in later tables, and its probable bearing will then 
be commented upon. 

In table V. there are two exceptions, viz. experiments I]. and VII. 
In both of these we find an increase in the per cent. of urea and also of 
total nitrogen, It is possible, however, that a slight exaggeration of 
the increase has appeared in experiment IL, since there was very little 
urine at my disposal to make the analysis for total nitrogen. 

Seeing however that both the urea and total nitrogen correspond in 
the two experiments, that is to say both are increased, we must regard 
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them as genuine exceptions. Experiment VII. certainly is; the figures 
are in each case the means of two very closely corresponding estima- 
tions. 
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4. Effect on the nitrogen other than that in urea. 


In the following tables I propose to call this —— unknown * 


nitrogen. 

TasBLe VI. Showing the quantity Taste VII. Showing the per cent. 
of “unknown” nitrogen excreted per | of “unknown” _— contained wn 
hour. the wrine excreted, 

Atropine alone given. Atropine alone given. 
— ist Hour 2nd Hour 8rd Hour 1st Hour 2nd Hour 3rd Hour 
Il. Ollgrm010grm — If, 032°/, 0°60°/ 
Il. 012°, 015 ,, Ol5grm| TIL 052, 0-85, 074%, 
Vi, VIL 029,, 0-42, O47,, 
Atropine with Morphine given. Atropine with Morphine given. 
VIIL(2)017 , 009 , O11 ,, 0:96,, 098, 0°55 ,, 
IX. 006 , — 009 ,, IX. 0:38,, 0°40 ,, 
Morphine alone given Morphine alone given. 
() The quantities here given are 
for 
yee The quantities here given are 
for 2 


In this instance I purpose to examine table VII. first, which shows 
the influence of the drugs upon the per cent. of unknown nitrogen 
contained in the urine secreted. The reason of doing this is because 
the percentage table illustrates more clearly the main result obtained, 
viz, that during the second hour the unknown nitrogen is 
relatively increased, this increase again suffering a diminution 
in the third hour. 

There are three exceptions—one of these is our old exception, 
experiment IV.; the others are experiments I. and V. In experiment I. 
we find an increase however occurring in the third hour instead of the 
usual return towards the normal. It would appear therefore that the 
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increase was delayed in this instance till the third hour. There is no 
adequate explanation for the exception in experiment 

When we now examine table VI. we find it corresponds. with 
table VII. in so far that many of the experiments while showing a 
diminution in the quantities of urine, of urea and of total nitrogen 
‘during the second hour, still show that the absolute amount of 
unknown nitrogen is actually increased. 

In those cases where an increase has not occurred in the second 
hour, we find it taking place in the third. 

The tables also show what I take to be of very considerable tutiest, 


that in those experiments where morphine was used either alone or in 


con) junction with atropine, this relative i increase in the unknown nitrogen 
is much more marked. 


Taste VIII. Showing the proportion which the 
bears to the total nitrogen. 


Experiment 1st Hour 2nd Hour 8rd Hour 
II 70"), 11:9 °/ 

III 16°7 13°3 °/, 

IV lid, 5:3 ,, 

V 108 118 -,, 

VI 96 ,, 17-4 ,, 

VIL. 10°5 ,, 

Atropine with Morphine given. 

IX. 86 ,, 
Morphine alone given. ae 

x. 11°9 ,, 238 ,, 153 ,, 

XI. 16°6 ,, 30°9 ,, 22°2 5, 


This table illustrates in a more striking manner the facts already 
shown by the two preceding tables, viz. the relative increase in the 
“unknown” nitrogen during the second hour, with a return towards the 
primitive condition in the third, in the great resins of the ex- 
periments. 


V. influence of the Drugs upon Blood Pressure. 

It now became a question to determine whether the drugs produced 
their inhibitory effects upon the secretion of urine by lowering blood 
pressure or not. I therefore made some experiments to examine their 
effects upon blood pressure. 
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In the first experiment (IX. 6) atropine was administered to a a. 
in proportional dose to that employed in those where urine was 
collected. After half an hour had elapsed when, as I had seen in the 
previous experiments, the effects of the drug were at, its height, I gave a 
corresponding dose of morphine. 

The results were that atropine produced a eee but very puiiiers 
fall of pressure followed on the other hand by a continued moderate 
rise. The fall did not remain for more than one minute, | 

Morphine on the contrary immediately brought about a marked fall. 
This fall to a certain extent accounts for the preliminary arrest and 
subsequent. diminution in the secretion of urine under the influence of 
‘the drug in question. It does not however wholly account for it. 
This will be seen when we examine experiments X. and XL. where a 
blood pressure tracing was taken side by side with the collection of 
urine. 

In experiment X. the mean pressure during the hour before mor- 
phine was given stood at 128mm. Hg, the quantity of urine being 
162c.c. Immediately after the administration of the drug the pressure 
sank to 47°5 mm., but steadily recovered till in a quarter of an hour it 
had reached 945 mm. at which point the secretion of urine recom- 
menced. During the hour beginning with the re-establishment of the 
secretion, the mean pressure was 97°8 mm. and the quantity of urine 
secreted 1l}c.c. In the following hour the quantity secreted reached 
15}.c.c., but the mean pressure only registered 105mm. Thus in this 
third hour the quantity of urine was almost as great as that in the first 
hour, whereas the mean blood pressure was considerably lower than 
that of the same hour. 

The results of experiment XI. are in this respect still more remark- 
able because here the blood pressure had returned to a point which 
under ordinary circumstances ought to have caused a secretion a 
considerable length of time before this was re-established. Moreover 
during the third hour, when the quantity of urine much exceeded that 
of the first hour, the mean blood pressure was lower by some milli- 
meters than that even of the second hour, and ec ee lower than 
the first. 


The actual figures are as follows: | 
mean blood pressure of Ist hour 117-9 mm. Hg, quantity of urine 18 cc. 
” - 2nd » 1175 ” ” 15 ce. 


"Te is ‘ be regretted that up to the present yet number of — 
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ments in which blood pressure was recorded is so small. But even as 
the case stands, there can I think be no hesitation in accepting the 
statement that diminution of blood pressure does not by any means 
wholly account for the lessened secretion of urine brought about by the 
administration of morphine. 

The numbers in experiment IX. ), previously alluded to are as 
follows : 


Blood pressure before giving atropine 127 mm. Hg. 
13 secs. after _,, 
” ” 44 ” ” 1245 ”» 
10 mins, later 1365 


Morphine was now administered which brought the pressure down 
to 45°5 mm. Hg, followed by a steady and fairly rapid recovery till 
within the hour it stood again at 965 mm. Hg. 


VI.. Influence of the Drugs upon Temperature. | 


In the earlier experiments no systematic record of temperature was 
taken. It was however observed in those in which the saline solution of 
urea was introduced that the animals exhibited some signs of increased 
temperature such as “ panting” etc., with which one is familiar in dogs. 
In experiment II. on noticing these signs to a very marked degree 


during the second hour, the temperature was taken, and was found to 


be 423°C. It probably rose still higher, and indeed there is little 
doubt on my mind that this dog died from hyperpyrexia. - 

In the later atropine experiments the usual effect was a slight fall 
during the course of the experiment, with one or two exceptions in 
which a moderate rise occurred after administration of the drug, which 
gave place to a slight fall still later. 

_ In the experiments where morphine either alone or in conjunction 
with atropine, was given, the temperature fell to a small extent during 
the course of the experiment. Part of this fall is probably due to the 
length of time the dogs were kept on the table, with the abdomen 
upwards, thus allowing a greater escape of heat. 


The figures are given in the separate record of experiments at the 


2 
aq 
7% 
148 
$ 
& 
4 
if 
‘ 
} 
ay 
A 
} 
as 
$ 
a 
& 
i 
i 
4 
ad 
t 


SECRETION OF URINE. 445 


VII. Summary of Results with Deductions. 


The main points established by the research so far as it has gone 
are these, 
(a) With regard to atropine: that it 
(1) diminishes the quantity of urine ; | 
(2) diminishes the total quantity and percentage capes: of 
urea ; 
(3) increases relatively and in many cases absolutely the amount 
of nitrogen, other than that contained in urea ; 
(4) its effects cannot be attributed to the influence which it 
exerts upon blood pressure. 
a) With regard to morphine :—the results are that it also 
(1) diminishes the quantity of urine, causing even a temporary 
arrest of the secretion ; 
(2) diminishes the total and percentage quantities of urea even 
| more markédly than does atropine ; | 
(3) increases the excretion of the “unknown” nitrogen; __ 
(4) while diminishing the blood pressure its effects upon the 
secretion of urine cannot be wholly attributed to this cause. 
In conclusion I may say that in so far as these experiments bear. 
upon the nature of the work of the kidney, they tend to show that 
the production of urine is to a certain extent accomplished 
by a process analogous to the manufacture of the secretion 
by other glands which are influenced by atropine, 7 
Moreover the increase of the unknown nitrogenous compounds, side 
by side with the decrease in the excretion of urea, may I think fairly be 
taken the one as the counterpart of the other, and if so, this fact, 
coupled with the production of heat, during the activity of the gland, 


would lead us to infer that part of the urea is possibly manu- 


factured in the kidney, out of one or other of what I have 
called the unknown nitrogenous compounds, 

At a future date it is intended to make a further communication on 
this subject. The investigation cannot at present be regarded as at 
all complete, many points requiring fuller research. It is also purposed 
to re-investigate the effects of pilocarpine on the secretion of urine and. 
its constituents. This drug is known to increase the amount of urine 
in most instances’, but I am not aware that any investigation has 
been made into its effects upon the “solids,” excreted by the kidney. 

1 Marmé. Nach. d. Kgl. Gesellsch. d, Wissensch, zu Géttingen, No. ut. 1878, 
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Résumé of the individual experiments. The ponte: in the 
following résumé represent the percentage quantities of the different 


constituents of the urine. Urea is represented by the nitrogen which 


it contains, the substance itself being tes in tables If. and IIT. 


Experment I. Dog, 34 kilos. 200 .c. of a solution containing 0-1 1), 
urea and 9°/, grape sugar injected twice into the right jugular vein, i.e. at 
the beginning of the first and second hours. 0°048 grm atropine with morphine 


Ist hour 138%, (119%, 019%, — Urine collected 


ard 44 ” ” . 


_ Experiment II. Dog, 42:kilos. 200 urea soliation 125 twice 
injected as before. 0-64 grm givén, 
Tota ; Unknow Temp. . Remarks 
Isthour 340.0. 465°, 33 0°32 °/, 
md, 60, 449, 060, — 49890. 


‘Experment III. Dog, 29 kilos. 300 ¢.c. urea solution (0-083 ‘ld twice 
injected as before. 0°04 grm atropine given. 


Ist hour 23°5c.c. 20 5°68 °/, 0-52 %, 
2nd » 1 ,, 5°10 ,, 4°25 » | 0°85 ,, —_ — 
20," ” 4-76 ,, ” 


‘Exrerment IV. Dog, 42 kilos, 500 c.c, solution of urea 
injected twice as before. 0-048 grm atropine ore. 


Urine of urine of urea nitrogen in albumen Temp. Remarks 
Ist hour 46°5 oc. 552% 490%, ‘062%, 
2nd ,. 64 ,, "82 ,, 4°35 ,, 0°47 ,, tom vas 
rd ” 60 5 9? 4 78 ” 4°53 ” 0: ” Parte: oe 
4th ,, ” 4 ,, 3°92 ,, 0°52 ,, — — 
5th ” 55 75 4°46 ” 4-01 ” ” 


V. Dog, 29} kilos, 0-036.grm 
observations in this experiment extended over ee of an hour and a half : 
in n each case. No urea solution injected. : 


* 


1st period cc, 569%, 504°, 0-65 %/, 
” 41 ” 4°86 ” 0°55 ” 
3rd 87 5 5 ” 4°73 0°63 ” — 


| 
a 
+ given. 
3 Urine. 0 e° of urea trogen umen Temp. Remarks 
ig 
Fi 
| 
| 
; 
i | 
| | 
| 
} 
“eq 
] 
| 
Total nitrogen Nitrogen Unknown Nitrogen: . 
Urine of urine of urea - nitrogen ofalbumen Temp. Remarks 
| 
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Experiment VI. Dog, 23 kilos.” 0-044 grm atropine given. 


solution injected. 


Urine 


-\Rkidn 


Qnd ,, 


Experiment VII. Dog, 23} kilos. 0:56 grm given. 


solution administered. 


2nd ,, 
ih” 


Total nitrogen — 
of urine 


1-67 
152 


148 


Total nitrogen. 


of urine 
4-25 0/ 
4-57 
4°78 ” 
4-44". 
450 |. 


No urea 
of urea Be of albumen Temp. 
1°54, 0°13 °/ 0-00 9/ 

1:37 0°17 ” 0°06 40-0° C. 
1- 0°25 ,, 0°06,, 40°5°C, 

No urea 
of urea of Temp. 
4-01 ° 0°24 ° 0°09 ° 38°8° C. 
4°36 ,, 0°42 ,, trace 38'8 ,, 
3°98 ,, 0°46 ,, ” 38°2 ,, 
410 ,, 0°40 ,, ” 38°4 ,, 


Expertment VIII. Dog, 18} kilos. 0-042 grm atropine with 0-14 grm 
morphine given. N.B. The observations in each case extended over periods 
of two hours. No urea solution was injected. 


Urine 


1st period 17 oc. 5 
2nd_ 9 “OL 


8rd_s,, 203 ,, “16 ” 


of urea 

4:99 
” 

8°61 ,, 


& 


nitrogen of albumen Temp. | Remarks 
0°96 °), — 38°6°C. The urine was 
0-98 ,, 38°3° ,, suppressed for 


38°0°,, 


Experiment IX. Dog, 17} kilos. 0°027 grm atropine with 0-09 grm 


morphine administered. No urea solution injected. 


Experiment X. Dog, 23} kilos. 0-12 grm morphine given. No urea 
solution administered. Blood pressure taken. 


ae of albumen Temp. Remarks 
0°59 °/, 39°8°C, Urine sup- 
1°09 ,, 40°2°C. pressed for 
0-6 ” er 89°5° C. 15 mins. 
0°69 » 88-89 C, 


” 
Urine 
214 
Ni Unknown _ Nit 4 
0°55 99 q 
4 
a 
4 
Total nitrogen Nitrogen 3 
Urine of urine of urea . 
Isthour 163c.c. 5-02°%, 4-43 °/, 4 
Qnd ,, 114 ,, 457» 3°48 ,, 3 
4th 14 ” 4°84 ” 4°15 
4 
4 


448 W. H. THOMPSON. 
EXPERIMENT XI. Dog, 30:kilos. 0-12 grm — injected. Blood 
pressure taken. No urea solution introduced. 

Isthour 639% 449% 090% 402°C. Secretion 
2nd , 16 ,, 3°26 ,, 2°25 ,, 1-01 ,, ” for 2 hrs 
857 ,, 2°77 0°70 ,, 88°6 ,, 
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ON THE INFLUENCE OF BLEEDING AND TRANS- 
FUSION UPON THE RESPIRATORY EXCHANGE. 
By M. 8S. PEMBREY, M.A., M.B., Christ Church, Assistant to 
the Professor of Physiology, Oxford; anv A. GURBER, Ph.D., 
Assistant to the Professor of Physiology, Wiirzburg. 


(From the Physiological Institute, Wiirzburg.) 


Tus paper deals with a series of experiments made to investigate the 
effects of a great loss of blood upon the respiratory exchange. Severe 
bleeding produces marked disturbance of the circulation and respiration ; 
syncope and marked dyspnoea, or even cessation of breathing may 
result, The causes of these effects must be complex, for, in the first — 
place, the removal of a large volume of fluid may leave the vessels so 
empty as to occasion a mechanical hindrance to the circulation from 
the failure of the supply of blood to the heart. The beneficial effects of 
transfusion with saline solutions would point to this factor. But there 
- must be other effects, for the blood is not a fluid which acts in simply 
a mechanical way. A great loss of blood deprives the organism of 
nutriment, of countless red corpuscles, the carriers of oxygen, and of 
numerous living cells, the white corpuscles. These latter factors would 
be best investigated by experiments upon the exchange of material in 
an animal before and after such a loss of blood. 

Apart from any possible oxidation in the blood, the respiratory 
exchange might be influenced in several ways; the supply of oxygen 
might not be sufficient for the demands of the tissues, the carbonic 
acid might be less easily excreted, or the relationship between the 
intake of oxygen and the output of carbonic acid might be profoundly 
altered. To study these factors was the object of this series of experi- 
ments; such changes in the exchange of material as those indicated by 
the nitrogenous excretion have not been investigated. 

In some cases transfusion was performed after the bleeding, it in others 
the effects of bleeding alone were observed. The amount of blood 
removed varied from 4 to 2 per cent. of the body-weight, the haemo- 
globin being reduced to one-third or to one-half of its previous value. 
The animals employed in these experiments were rabbits. , 
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The Respiration-A pparatus. 


The form of apparatus used for the determination of the respiratory 


exchange was that introduced by Haldane’. 


Experiments were made 


to test the accuracy of the method, and we are convinced that it is the - 
most accurate and simple method in use. We quote here the results of 


the test-experiments. 
Sent in Found 
1-95 grms. 1-93 grms. 
H,O 0°69 ,, 0-65 ,, 
082 ,, 084 ,, 
0°93 
HO 074 069 


The balance employed would carry 5 and was accurate 
to about 3 centigrammes. 

In the experiments with the rabbits the precaution was sale to 
have test absorption-bottles in order to prove the completeness of the 
wats! for both moisture and carbonic acid. 


Variations in the Respiratory Exchange of N ormal Rabbits. 


In a series of determinations of the respiratory exchange of normal — 
animals variations in the respiratory exchange are found, and these 
variations may at times be considerable. They are: due chiefly to 
changes in the activity of the animal, to food and to differences of 
external temperature. Precautions must be taken to determine the 
respiratory exchange when the animal is, in these respects, as far as 
possible under similar conditions. This is difficult. An equal quantity 
of food may be given at stated periods, but it is impossible to insure 
that the animal eats it all in the same intervals of time; the activity 
of thé animal cannot be controlled; marked variations in external 
temperature may occur, especially in winter. 

In our experiments we have endeavoured to obtain some measure of 
equality in these conditions. Variations, however, are present and show 
that very great care is necessary to obtain equality. The food should 


be given only at night, which is the chief ae time for rabbits in 
the natural state. 


1 Haldane. ‘‘A new form of apparatus for measuring the Beeliaieny Exchange of 
Animals.” This Journal, Vol. xitt. No. 5, 1892. 
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The Operation of Bleeding and Transfusion. 

The rabbit was kept under observation for several days, and was fed 
upon a given weight of peeled swedes. Determinations of the normal 
respiratory exchange were made and then the operation was performed. 
In the cases in which bleeding was followed by transfusion the carotid 
and the external jugular were exposed and a cannula was placed in each 
vessel, The cannula in the vein was connected with a burette containing 
the liquid for transfusion. For this purpose Gaule’s solution was 
employed; it consists of 7 grm. sodium chloride, 35 grm, cane sugar 
and 0'2 grm. sodium hydrate in one litre of water. The liquid was 
warmed to 40°C. before transfusion. The clamp upon the cardiac end 
of the carotid was now removed and blood allowed to escape until the 
pressure became so low that the flow ceased. At this stage the animal 
was in a state of marked asphyxia. Transfusion was at once performed 
under a low pressure, and an amount of fluid injected equivalent to 
that of the blood removed, The rabbit quickly recovered its breathing 
and at the end of the operation was generally able to run about, It 
was then placed in a chamber warmed to about 30°C. and here it was 
left for about two hours, in order to recover from the shock of the 
operation before a determination of the respiratory exchange was made. 

In all cases antiseptic precautions were taken and in every animal 
primary union was obtained. An anaesthetic was unnecessary, and was 
not given in order that the uncomplicated effects of ~— and 
transfusion might be observed. 


The Examination of the Blood. 
_ In order to follow the regeneration of the blood after the operation, 
determinations of the number of red corpuscles and of the percentage 
amount of haemoglobin were made, The blood was taken from the ear 
of the rabbit, and Fleischl’s method was used for the estimation of 
the haemoglobin. These examinations were continued until the results 
showed that the loss of blood had been compensated. We have to 
thank Dr Bier for some of these determinations, which he made during 
his investigation on the regeneration of red corpuscles and haemoglobin 

after bleeding. 

The Results of the Experiments, 
Experiments were made upon eight rabbits, in five of which 
transfusion was performed after the bleeding. In those cases in which © 
bleeding alone was performed a smaller quantity of blood was removed, 


The determinations of the penpiMtory exchange were for periods of twa 
hours, 30—2 
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Conclusions. 


A consideration of the results of these experiments shows that even 
in the normal rabbit under, as far as possible, constant conditions 
variations in the respiratory exchange are present. The oxygen or the 
carbonic acid may be increased or diminished, or the relationship 
between these two gases, the respiratory quotient, may vary. In 
Rabbit VI., for example, the respiratory quotient was at first 1:07: on 
the next day, under as far as possible similar conditions, the quotient, 
was 0°93. Sometimes, on the other hand, a series of determinations 
would give a similar quotient, even when the experiments were made at 
different times on consecutive days; such a result is seen in the case of 
Rabbit VIII., the quotients being 0°87, 0°89, 0°89. The animals also 
showed individual differences; this will be seen by a comparison of the 
quotients given by Rabbits VII. and VIII. Such results in the normal — 
animal show the difficulty, and at the same time the necessity, of 
obtaining an equality of conditions. 

As regards the effect of bleeding followed by transfusion, the results 
of the experiments upon Rabbits II, III. and VII., which survived the 
operation and were quite well three or four weeks later, lead to the 
conclusion that the effect upon the respiratory exchange is very slight ; 
the amounts of carbonic acid excreted and of oxygen absorbed by the 
animal are not abnormally increased or diminished; the respiratory 
quotient shows no great change; variations in both directions are 
present, but they are not greater than those observed in the normal 
animal, 

The following figures are the respiratory quotients of the animals 
before and after bleeding followed by transfusion : 


Rabbit I. 1°04 
1:07 
Rabbit IT. 0°99 
— 1:00 
— 1-02 
— 1:07 
1-02 
0-97 
0°96 
1:05 
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Rabbit V. 0-94 ae 


0:89 
Rabbit VI. 1-07 
0:93 

Rabbit VII. 0-97 

0-89 

0-92 

1-00 

1-00 

— 0-94 

1-08 

1-05 


The loss of even one-half of the animal’s haemoglobin has no 
marked effect on the output of carbonic acid and the intake of oxygen. 
This is shown by the following figures, which give the amounts of 
carbonic acid and oxygen for periods of two hours. 


co, Date 


Rabbit VII. 3°88 grms, 2°90 grms. 0°97 12.11.92 Normal. 
3°82 2.89 ,, 096 13.1. 92 
362 ,, 089 ,, 5, After transfusion. 
292 ,, 0°92 14.11. 92 
432 ,, 314 ,, 100 15.1. 92 
4:00 ,, 292 ,, 1:00 16, 92 


We must conclude, therefore, that the loss of blood although severe 
did not greatly interfere with the vital processes; the animals could 
run fairly well, although there was at first a certain amount of in- 
coordination in their gait; they could eat almost directly after the 
operation, but showed a great disinclination to active movement. 
When, however, the loss of blood was much above 3°/, of the body- 
weight and the haemoglobin was reduced to one-third of its normal 
value, the animal died soon after the operation in convulsions due 
probably to asphyxia. Here may be given in tabular form the figures 
relating to the amount of blood removed. 
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Relation to 


Animal Weight Blood removed body weight Result 
Rabbit I. 1539 grms. 50 c.c. 34° 2 (approx.) Died. 
Rabbit If. 17 06° | is (approx. ) Lived. 
Rabbit 1882 ,, (approx. z (approx.) Lived. 
Rabbit VI. 1744 ,, - 55 ,, | 

+25 ,, after above 
transfusion 3-5 Died. 
Rabbit VII. 1428 40c.c.  30,, 2 (approx.) (approx.) Lived. 


The effect of bleeding alone was investigated in the case of Rabbits 

- IV. and VIIL, the amounts of blood removed being 32 and 30 cubic 
centimetres respectively, or 2°1 and 2 per cent. of the body-weight. 
The respiratory exchange was not diminished by the bleeding, but on 
the contrary slightly increased, as will be shown by the following 


figures : 
| 
‘Rabbit VIIL -3°66 3°05 0-87 12. 92 Normal. 


3°81 3°12 089 13. 1. 92 

4:08 3°34 0°89 15. 92 | 
3°95 3°42 0°84 sie After bleeding. 
407... O32 16. 1. 92 

4-4] 3°22 - 1:00 17. 1. 92 Weather very cold. 
4°36 3°14 101 18. 1. 92 ditto. 


_ The rabbits showed no signs of impaired nutrition; they ate their 
food readily and in almost every case gained in weight after the 
bleeding. 

We conclude therefore that: | 

Severe bleeding, whether followed by transfusion or not, 
causes no decrease in the respiratory exchange, provided 
that the animal’s nutrition does not suffer from the opera- 
tion. The respiratory quotient shows variations, but these are 
apparently not greater than those observed in the normal animal. 

It may be asked, What then is the effect of bleeding upon the 
animal? The answer is definite. The animal, after a great loss of 
blood, no longer has so great a reserve-store of energy. Although the 
loss of blood does not prevent the so-called ‘vegetative’ processes from 
going on, yet the animal is unable to undergo any great muscular 
exertion, such as would be easily borne by a normal rabbit. 

The respiratory exchange is not regulated by the red corpuscles, the 
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carriers of oxygen, but by the demands of the tissues. The animal, 
when it is at rest, is able to accommodate itself even to a loss of one 
half of its haemoglobin, and the exchange of material represented by — 
respiration is as great as that of a normal animal, when it also is at 
rest; the cells are able to obtain an adequate supply of oxygen 
notwithstanding the great loss of haemoglobin. 

The transfusion with saline solutions after bleeding does not appear 
to have any special effect upon the respiratory exchange; it without 
doubt enables the animal to bear a greater loss of blood than it could 
otherwise, but it appears to owe its beneficial effects chiefly to the 
mechanical assistance which it gives to the circulation by filling the 
blood-vessels, The solution also probably economises the fluids in the 
tissues, and removes the thirst, which is often a marked symptom of a 
great loss of blood. Any marked effect upon the respiratory exchange 
is not shown by our experiments. 

These experiments also afford another proof that the vital com- 
bustion proceeds chiefly in the tissues of the body and not in the blood. 


Previous Work relating to the Subject. 


Although only a few experiments similar to those just related have 
been made, yet there is a considerable amount of valuable work closely 
connected with this subject. 

Hannover’ in 1845 published a series of experiments upon the 
amount of carbonic acid given off by man during health and disease, 
and among these be gives four cases of chlorosis. He used Scharling’s 
respiration-apparatus and determined only the carbonic acid. The 
determinations are for periods of one hour and were made between 10 
and 1 o'clock before the mid-day meal. The results show that the 
carbonic acid given off by young women suffering from chlorosis is not 
less, but even somewhat greater than that excreted by normal subjects. 

_ Pettenkofer and Voit* in 1868 made a series of experiments 
upon the exchange of material in a man suffering from leukaemia. 
Examinations of the blood of this patient showed one white corpuscle 
to every three red. -Four months after the investigation the man died, 


1 Hannover. ‘De quantitate relativa et absoluta acidi carbonici ab homine sano et 
aegroto exhalati.” An abstract of this work is given by Miller, Zeitschrift fiir Biologie, 
Bd. 1878. 

Pettenkofer and Voit. ‘Ueber den Stoffverbrauch bei einem leukiimischen 
Manne.” Zeitschrift fiir Biologie, Bd. v. 1869, p. 319. ; 
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and the post mortem examination proved the case to be a pure one of 
leukaemia, The determinations of the respiratory exchange showed 
that the patient absorbed as much oxygen and excreted as much 
carbonic acid as a healthy man at rest and upon a similar diet, and that 
the respiratory quotient, as would naturally follow, was of normal value. 
Pettenkofer and Voit remark upon the great power of accom- 
modation possessed by the organism, and show that the leukaemic 
patient is able, when he is at rest, to maintain an exchange of material 
equal to that of a healthy man, but that he is unable to bear any 
exertion ; he has no reserve-store of energy. 

Bauer in 1872 investigated the effect of bleeding upon the 
exchange of material in dogs. For the determination of the respiratory 
exchange he used Voit’s modification of the apparatus introduced by 
Pettenkofer.. The experiments were made upon only one dog, the 
weight of which was 4} kilogrammes, At first two determinations of 
the normal respiratory exchange for periods of 4 and 3 hours were made 
after the dog had hungered for 48 and 24? hours respectively. In the 
third experiment the animal hungered for 24 hours and then, after 
being bled from the crural vein to the amount of 63 cubic centimetres, 
was immediately placed in the respiration-chamber. The amount of 
carbonic acid excreted was now slightly increased, the oxygen 
diminished by 15 per cent., the respiratory quotient being 0°80, as" 
compared with 0°67 in the normal hungering animal. The dog was 


now kept without food for a further period of 24 hours and its 
respiratory exchange was again determined; the carbonic acid had 


diminished by 23 per cent., the oxygen by 30 per cent. of the amount 
given by the animal before the bleeding, but after a similar period of 
hunger; the respiratory quotient was 0°74 as compared with 0°68 in 
the normal hungering animal. At this critical point this series of 


determinations ended. 


A new series was now commenced with four determinations of the 
respiratory exchange, in the first two cases directly after food, in the © 
last two cases six hours after the meal. The dog, having received six 
hours previously the given weight of food, was now bled to 100 cubic - 
centimetres and placed in the respiration-chamber. The carbonic acid 
was increased 4 per cent., the oxygen 22 per cent.; the respiratory 


1 Bauer. ‘ Ueber die Zersetzungsvorginge im Thierkérper unter dem Einflusse von 
Blutentziehung.” Zeitschrift fiir Biologie, Ba. vir. 1872, p. 567. 

2 In the table of results given by Bauer the figure is 28, but from the context it 
should be 24. 
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quotient was 0°79 as compared with 0°91 given by the animal before 
this second bleeding. On the next day another determination was _ 
made under similar conditions as regards food, and it was found that 
the carbonic acid had decreased 9 per cent., the oxygen 2 per 
cent., the respiratory quotient being 0°86. Two days later a similar 
determination showed that the carbonic acid had decreased 22 per cent., 
the oxygen 36 per cent., and that the respiratory quotient had risen to 
1-11. It is significant to note that at this point Bauer was obliged 
to discontinue the determinations, because the dog suffered from 
vomiting. Nineteen days later the experiments were resumed, and 
it was found that, although the dog weighed as much as it did at 
the first experiment, the respiratory exchange was only about one-half 
the normal value; the carbonic acid had fallen to 13°958, the oxygen 
to 13077 as compared with 24841 and 26°217, the weights of carbonic 
acid and oxygen given off in three hours and a half by the normal 
animal. | 
Since the final results of Bauer’s experiments are contradicted by 
those which we have obtained on rabbits, we would wish at this point 
to make some critical remarks upon the work. As the immediate 
effect of the first bleeding Bauer found only a slight decrease (2°/,) 
in the oxygen, a decrease of little importance since the error for the 
oxygen determination was according to Bauer 6 per cent. The 
immediate effect of the second — was not a decrease, but an 
increase in the carbonic acid by 4 per cent. and in the oxygen by 
22 per cent.; even on the second day the decrease was for the carbonic 
acid only 9 per cent., for the oxygen only 2 per cent. ~ , 
The great decrease in the respiratory exchange, upon which Bauer 
lays so much stress and upon which he builds up an elaborate theory 
on the destruction of fat, is to be found in two experiments, The 
experiments are No. 4 and 11, and on consideration they are seen to be 
not entirely free from sources of error. In the first of these cases the 
dog had been starved for one day, then bled and again starved for 
another twenty-four hours before the determination ; moreover at this 
critical point the series was not continued to obtain confirmation of the 
result. In experiment 11 the dog must have been in a very abnormal 
state, for Bauer states that the determinations could not be continued 
on account of the vomiting of the animal. It is true that nineteen 
days later Bauer made three more determinations in which he found a 
great decrease in the respiratory exchange, due he thinks to the 
bleeding three weeks before. We may rightly ask whether this 
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decrease in the respiratory exchange was not due to the illness, which 
caused the vomiting, rather than to the bleeding. | 

Bauer’s experiments are too few and only upon one animal, and on 
account of the sources of error they do not appear to justify his 
conclusion, that the respiratory exchange, especially the absorption of 
oxygen, is greatly diminished by bleeding. The amount of blood 
removed was, in proportion to the animal’s size and nature, smaller 
than that in the case of the rabbits used by us. 

Voit and Rauber’ investigated several years before Bauer's 
experiments the effect of bleeding upon the respiratory exchange of 
rabbits, but the results appear to have been only ers | in Bauer’s | 
paper 

The ss are the seseps for periods of two hours :— 


H,0 co, 


‘Normal Rabbit, 1399 grms. 2°85 2°69 194 101 
Directly after bleeding (19 cc.) 3°49 2:92 171 1:24 
. Normal Rabbit, 1308 grms. 262- 378 2:21 1-24 
Directly after bleeding (20 c.c.) 2:45 3°14 
A day later, Rabbit well fed 2:03 239 =o 202 0:86 
Normal Rabbit, 1050 grms. 2°44 1+42 
Directly after bleeding (10°5¢.c.) 1:88 1:78 1-46 0-88 
A day later, Rabbit wellfed 090 185 1:24. 1:08 
Hunger for one day after c. 0-86 152 0-98 1:12 
. Normal Rabbit, 825 grms. _ 1:34 2-06 1-40 1:07 
Directly after bleeding (12 ¢.c.) 2-10 173 
Two days later, Rabbit well fed 1°50 2-11 1-60 0:96 


APSR SHA 


These experiments show that the respiratory exchange is very little 
affected by bleeding. They do not therefore support Bauer’s position, 
although they are brought forward by him in confirmation of his 
results. In experiment 2c the carbonic acid is diminished, but pro- 
portionately more oxygen is absorbed than in any other experiment. 
It is probable that there is a considerable error in the determinations of 
the oxygen absorbed, indeed more than six per cent., the error given by 
Bauer for Voit’s apparatus; the respiratory quotient 1:24 (Exp. 2a) 
appears to be abnormally high for a normal rabbit; moreover in two 
experiments the oxygen was not determined. 

In 1875 Finkler* carried out a series of experiments upon the 


1 Voit and Rauber. Results given by Bauer, loc. cit, 


2 Finkler, ‘Ueber den Einfluss der Strémungsgeschwindigkeit und Menge des Blutes 
auf die thierische Verbrennung.” Pfliiger’s Archiv, Ba, x. 1875, p, 368, 
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influence of the velocity and volume of the blood upon the combustion 
in the animal body. He found that with increasing loss of blood the 
oxygen of the venous blood decreases exceedingly quickly, whereas the 
carbonic acid shows only a slight increase. He also comes to the 
conclusion that the consumption of oxygen is independent—naturally 
' within certain limits—of the velocity of the blood, and that a similar 
law probably holds good for the production of carbonic acid. 

Oertmann' in 1877 published a series of experiments upon the 
respiratory exchange of frogs after their blood had been replaced by 
saline solution (Salzfrésche of Cohnheim). He concluded from his 
results that the oxidation-processes in the frog undergo no alteration 
during the first day after the total removal of the blood, since the 
bloodless frog has the same amount of metabolism as the normal ; that 
the seat of the oxidation-processes is, therefore, in the tissues and not 
in the blood. | 

This review of the previous work of other observers shows that their 
results, with the exception of those of Bauer, agree on the main points 
with those obtained in the present investigation. It also shows how 
much experimental evidence hus accumulated to support the position 
taken up and so ably defended by Pfliiger upon the question of the 
relationship of the tissues to exchange of material. 


Preliminary communications upon the results of this investigation 
were given at the meeting of the Wiirzburger Physik.-medic. 
Gesellschaft, May 7, 1892, and at the meeting of the Physiological 
Society at Oxford, June, 1892. 


I wish here to express my thanks to Professor Fick for his great 
kindness to me, while I was working in his Laboratory. (M.S. P.) 


1 Oertmann. ‘“ Ueber den Stoffwechsel entbluteter Frésche.” Pfliiger’s Archiv, Bd. 
xv. 1877, p. 381. ey 
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THE SENSORY MOTOR FUNCTIONS OF THE 
CENTRAL CONVOLUTIONS OF THE CEREBRAL 
CORTEX. By F. W. MOTT, MD, FRCP, Lecturer on 
Physiology Charing Cross Hospital Medical School. (Pl. XII.) 


Ir has long been a matter of dispute among physiologists and 
neurologists, whether the central region of the cerebral cortex should be 
considered primarily sensory, sensori motor, or purely motor. In this 
country it has been considered by many eminent experimentalists to be 
purely motor and Dr Ferrier’ still holds this view. “As there is no 
evidence of impairment of the common sensibility of the limb from 
destruction of the cortical motor zone, but conclusive evidence to the 
contrary, so are the views of Hitzig and Nothnagel respecting the 
abolition of the muscular sense equally without foundation.” This is 
the purely motor theory, which was generally accepted in England 
owing mainly to the experimental work of Ferrier, Schafer and 
Horsley, but on the continent and in America from the first it never 
found favour with the majority of neurologists, psychologists or physi- 
ologists. Dr Bastian however never (from a psychological stand-point) 
admitted the truth of this doctrine and in 1886 read a very logical 
paper before the Neurological Society on the “ Muscular sense” its 
Nature and Cortical Localization, and I consider it was this strong 
protest of Dr Bastian against the purely motor doctrine of Ferrier, 
which has caused certain eminent neurologists of this country to modify 
their opinion, I shall now state briefly the views which are held by the | 
various authorities. 
Eaperimental. 

Hitzig*. The excitable area is the seat of muscular perception and 
of motor ideation, viz. muscular sense, Motor troubles are associated 
with anesthetic troubles but are independent of the latter: Sir Charles 

1 Functions of the Brain, p. 380. 


2 “*Ueber den heutigen Stand der Frage v. d. localis, im Grosshirn.” Volkmann’s 
Sammlung. Leipzig, 1877. 
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Bell? first described this sense “as a compound function heals the 
sensibility of the proper organ of touch being combined with the 
consciousness of the motion of the arm, ‘hand and fingers. It is the 
motion of the fingers that is especially necessary to the sense of touch.” 
Bastian terms this complex combination of sensations resulting 
from movements, kinesthetic’ impressions, Wundt* says: Les sen-— 
sations du mouvement, comme nous avons montré précédemment, sont 
pour nous des \ Produits fasionnés complexes provenant de sensations 
d'origine différente.” 

Dr Hughling Jackson speaks of motor centres, “not however 
believing that these so-called motor centres are purely motor‘.” 

Munk’® in his latest work “Ueber die Fiihlsphaeren der Gross- 
hirnrinde” states that “In the cortex of the parietal lobe, specific 
sensations, perceptions and representations of the tactile sense occur 
and the associated potential memory pictures are situate.” ‘In der 
Rinde des Scheitellappens die specifischen Empfindungen, Wahrneh- 
mungen und Vorstellungen des Gefiihlsinnes zustandekommen, und die 
zugehdrigen potentiellen Erinnerungsbilder ihren Sitz haben.” The 
_ paralysis resulting from lesions of the motor area Munk ascribes to the 
loss of the memory of the images of general sensibility and movement. 
To produce complete anzsthesia, the entire central region of the brain 
cortex must be removed. | 


Waller’ holds that Munk, Bastian and Hitzig have one and the same 
conception differently expressed. But the motor ideation of Hitzig and 
Bastian is the result of muscle sense or kinesthetic impressions ; whereas 
Munk associates the motor area definitely with the tactile sense as well as 
the muscle sense, thus combining the views of Schiff and Hitzig. 


Tripier’ “Revue Mensuelle de Médecine 1880—81” extirpated 
various areas of the cortex and he affirms the existence of sensory 
centres on the so-called motor area. He finds that the sensory area for 
a definite limb coincides with, but is more extensive than, the motor 
area for the same limb. At the same time that Tripier was working 
in France, Mcelli in Berlin was investigating the same subject. His 

1 The hand, its Mechanism and Vital Endowments. | 

2 loc. cit. 

3 Elém. de Psychologie physiol. Trad. Francaise, 1886, 1. p. 421. 

4 “On Convulsive Seizures.” Lumleian Lectures. B. M. J. Vol. 1. 1890. 

5 Sitzuwngsberichte der Kéniglich Preussischen Akad. der Wissenschaft. Berlin, 1892. 
6 Waller. ‘Sense of Effort.” Brain, 1892. 


7 Allen Starr. “The Sensory Tract.” Journal of Nervous and Mental Disease, 
Vol. x1. 
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resnilte. were published in Virchow’s Archiv, Bd. LXXvI. and coincide 
with those of Munk and Tripier. 

Luciani and Seppili’ conclude from their cuales that the 
central region is not only motor but sensory. They found touch most 
profoundly affected—sometimes completely lost. Pain and heat sensa- 
tions were sometimes affected for the first few days after operation. 
Muscle sense constantly disordered. 

Ferrier’, Horsley* and Schifer were of opinion from numerous | 
experiments on monkeys that the central region of the cortex is purely 
motor. The evidence they adduced at the time was certainly very 
strongly in favour of this view, moreover these three observers located 
tactile and painful sensibility elsewhere, Hippocampal gyrus, Ferrier ; 
gyrus fornicatus, Horsley and Schifer; limbic lobe, Ferrier. Prof. 
Horsley‘ has, owing to clinical experience and a full consideration of 
the facts and arguments advanced by other thinkers and workers in this 
subject fully admitted that impressions of touch and common sensibility 
are registered in the rolandic area, 1.e. that the region is sensori motor. 
Prof. Schafer also admits that this region receives afferent impressions 
and is not purely motor. 

_ -Schiff* holds exactly the contrary opinion to Ferrier; for him the 

central convolutions are purely tactile sensory. He holds that the 
movements on irritation are simple reflexes, and paralysis results from 
the loss of tactile sensibility. The effects of lesion are like those of 
ataxy or lesion of the posterior columns. 

Bechterew‘ states that he has obtained no appreciable sensory 
defects after superficial removal of the motor area in dogs and cats; 
(according to Munk he removed portions of the cortex only which 
responded to a weak current). On the other hand, Bechterew found 
marked disturbances of skin and muscle sensibility in the contra-lateral 
limbs, when he removed the portions of the cortex posterior and 
external to the motor area (Gyrus Sigmoideus of the dog and cat). 
To obtain sensory defects in the monkey it was necessary to remove 
the posterior central convolution (ascending parietal) which includes 
also motor-centres. He concludes that there are independent motor 

1 Le Localis. pens. d. Cervelo. 2 loc. cit. 

8 Phil, Trans, Vol. oxxrx. (1888), B. pp. 1—93. 
ey the Analysis of Voluntary Movement.” The Nineteenth Century, June, 1891, 
! 5 Leg. d. Fis. Sperim. Firenze, 1878. Riv. Sp. d. Frenatria, 1876. Arch. f. Exp. 


Path, m1. pp. 171—179. 
6 W. Bechterew. Die Leitungsbahnen im Gehirn und Riickenmark, pp. 146—147, 1894, 
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and sensory centres, which lie very near to one another and often 
overlap to a certain extent. Bechterew concludes from experimental 
and clinical evidence that in the human brain sensory functions are 
localized in the parietal convolutions. 

Goltz’ only admits loss of perception of a general kind, but no 
paresis, and considers the phenomena are all due to inhibition of lower 


In his last paper, both hemispheres were removed in the dog in four 
operations, only the stump of central nuclei and peduncles left. The 
animal eighteen months after resists alteration of position, it would not 
allow the limb to sink through a trap-door when it was gradually 
lowered over it, presumably therefore it has muscular sense. It never 
steps on the back of the feet. With one leg injured, it runs equally 
well on three legs. It has however no memory of previous sensations, 
and really behaves like a reflex machine. 

Unlike a dog, however, a monkey would be permanently paralysed 
and would lose tactile sensibility. Obviously tactile sensibility plays 
a much more important part in cerebral consciousness in monkeys, and 
we shall see that the fine movement of the hand, and to a less degree 
of the foot, of this animal are permanently Se * after extensive 
) lesions of the central regions of the cortex cerebri. 


II. Clinical Evidence and Pathological Observations. 


N othnagel” first marked the disappearance of peti after lesions 
of the cortex. 

Cases of sensory disturbance accompanying motor paralysis from 
cortical lesions have been collected by Exner, Lisso, Starr, Luciani 
and Seppili and in 1888 Dana’ went carefully through these cases and 
others which had since been published, making in all 142 cases. He 
also collected twenty cases of lesion of the gyrus fornicatus or 
hippocampus and he says “I am certain no amount of scrutiny can 
explain away the numerous cases in which superficial cortical lesions 
have caused monoplegias and monoanesthesias. Dana cites Petrina, 
but vide Ferrier’s criticism of these cases, p. 378, loc. cit. In fact 
although this is strong presumptive evidence it is not conclusive, for 
numbers of cases could be cited in which there was paralysis and no 

1 Pfliiger’s Archiv, x11. xIv, xx., 1892. 

2 Virchow’s Archiv, Band 57. 


8 “ The cortical localization of the Cutaneous Sensations” by Charles L. Dana, M.A., 
M.D. Journal of Nervous and Mental Diseases, Oct. 1888, : 
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obvious sensory disturbance discovered. The reliable evidence will 
come from the experience of surgeons who are called upon to remove 
portions of the brain for disease—their cases being carefully tested 
before and after the operation. 

Prof. Horsley has now had five cases in which large portions of 
the brain in the rolandic region have been removed and the oe 
has been followed by sensory defects. 

Two of these cases I have by the kind permission of Drs James 
Taylor and Ormerod, recently had the opportunity of testing and 
they bear out exactly the results of my experiments. 

Dr Allen Starr’ from an experience of more than thirty cases of 
cerebral operation, considers that it is clearly determined that the 
motor centres for the organs of most delicate action, viz.: hands and feet 
lie behind the fissure of Rolando; and he is fully convinced of the 
_ existence of centres for the reception of tactile sensation in the “ motor 
area” of the cortex, these centres being especially located behind the 
fissure of Rolando. Dr Starr put forward this view in 1884 in an 
admirable monograph* “The Sensory Tracts in the Central Nervous 
System.” 

Prof. Albertoni and Dr Brigatti have lately recorded a case of 
removal of a tumour and portions of brain the size of a hen’s egg 
from the “motor area” of a young girl. The patient at the time of © 
the report had been under observation thirteen months after the 
operation. All the epileptic seizures had ceased, and the paralysis had 
diminished in the lower limb. Tactile, general, thermal and even 
painful sensations which before the operation were intact, have been 
affected in a certain measure since the operation over the whole 
left half of the body except the face. The authors see in this an 
undeniable demonstration of the relation between the psycho motor 
centres and the sensory cortical elements. 

It must be admitted that cases have been reported in which portions 
of the “motor area” have been removed and in which no sensory 
disturbance was discovered. Usually the lesions have been small, 
sometimes the sensory tests® have not been applied till many days after 
the operation, and according to Munk’s view unless a large portion is 
removed sensory disturbance will not be manifest. However explain as 


1 Brain Surgery. — 

2 Journal of Nervous and Mental Diseases, Vek: Rivista Sperim. di Frenatria, Vol. 
xix. fase. 1. 18938. 

* Hale White. Brit. Med. Journal, July 25th, 
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we may, the fact still remains that motor paralysis is greatly in excess 
of the sensory disturbance in many clinical cases. This may be 
explained by comparing the expansion of the centrifugal and centripetal 
fibres of the internal capsule to two funnels, the fibres as they lie in the 
internal capsule forming the tubes and expanding above like cones, the — 
bases of each of which are nearly coincident although the tubes are not. 
There is this important difference however: the base of the efferent cone 
is made up of axis cylinder processes (neurons) just after leaving the 
cells from which they grow, (that is comparing a neuron to a tree, the 


Diagrammatic representation of the course of the sensory impressions from @ nerve 
cell showing concentration at one eegr) but representation by collaterals at all parts of the 
“ motor area.” 


Dotted line lesion shows complote destruction of motor elements, but possible restora- 
tion by collaterals of sensory functions, 

1 Cell of Burdach’s nucleus. 

2 Fibre decussating to opposite interolivary layer. 

8 Cortical fillet-fibre giving off collaterals to thalamus, 

eating’ in arm area having previously gives 
off collaterals 5, 6, 7. 

8 Cortical motor cell with neuron. 
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cell and its dendrons to the roots.) The base of the efferent cone 
therefore consists of trunks from which all the branches and collaterals 
spring. The base of the sensory cone in the cortex consists only of the 
terminal twigs of the afferent nerve trunks after collaterals have been 
given off. As the afferent fibres to the cortex form an arborization 
before terminating in the grey matter, it is conceivable that a small 
portion of grey matter of the area connected with tactile perceptions 
will suffice to restore the sensory function, but removal of the base of 
the efferent cone prevents any voluntary motor impulse starting. 


Other clinical evidence. 

Ransom! and Dana* have faradised the human cerebral cortex 
without any ariesthetic and they have shown that the immediate effect 
was a tingling sensation in the part which would contract. This is in 
accord with the experience of clinicians who have studied the sensory 
aura in Jacksonian Epilepsy. 


Dr Gowers? states, “the central convolutions have some sensory 
functions as well as a motor function. This view is supported by the 


_ fact that there is often slight blunting of sensibility on a limb paralysed 


by disease in this region and that in convulsions due to irritating lesions - 
in this situation a sensory aura precedes the motor spasm. It is quite 
possible that the sensory region extends also to the mesial surface of the 
hemisphere just as does the motor region. But all the facts are 
opposed to the inference drawn by Ferrier from experiments upon 


animals that any part of the mesial surface has an exclusive or even 


preponderating relation to cutaneous sensibility.” One reason why we 
have so little evidence of the seat of this function is that extensive 
compensation is possible. Thus a unilateral lesion in childhood however 
extensive scarcely ever causes loss of sensation. 

There is therefore a considerable amount of clinical and pathological 
evidence already forthcoming which tends to prove that the central 
region of the cortex cerebri is sensory as well as motor. 


IIL. Anatomical Evidence. 


It is generally admitted that no one nerve-fibre can be traced from 
@ point on the surface to a point in the brain. It is admitted that all 


1 “A case illustrating Kinesthesis’” by Wm. Ransom, M.A.,M.D. Brain, itv, 

2 “ An experimental study of the seat of Cutaneous Sensations” by Charles L. Dana, 
M.D. Medical Record, May 18, 1893. 

5 Diseases of the Nervous System, 
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afferent impressions pass by the posterior roots into the grey matter or 
into the posterior columns, and that some of these fibres pass up only a 
short distance before terminating in an arborization around a cell, while 
others pass up in the posterior columns as high as the nucleus of Goll 
and Burdach in the medulla before terminating in an arborization. It 
is admitted that the fibres of Goll do not decussate, and experiment has 
shown that the other fibres of the posterior column do not in the main — 
decussate. These columns convey afferent impressions connected with 
the muscular sense and very possibly touch. The impulses which travel 
up these columns decussate in the sensory decussations of the medulla, 
that is after they have passed through the posterior column nuclei. It 
has been shown by the embryological researches of Flechsig’, that fibres 
pass from the posterior column nuclei to form the internal arciform fibres 
which decussate at the median raphe forming the interolivary layer 
and these eventually pass into the fillet. The fibres of the fillet enter 
the posterior part of the internal capsule and spread out in the cortex of 
the central convolutions behind the fissure of Rolando. This view of 
Flechsig has received confirmation from the experimental researches 
of Von Monakow? by Gudden’s method. He observed descending de- 
generation of the fillet following destruction of the “motor area” in 

new born kittens. “Hdésel* has lately described a case of Porrencephalon 
_ in a person who was affected in early infancy (8 weeks) and who lived 
to middle age. The brain showed atrophy of the central convolutions 
and a very marked atrophy of the fibres of the fillet. This atrophy 
- could be traced into the opposite interolivary layer, and the internal 
arciform fibres. There was moreover a disappearance of the cells 
forming the nuclei of Goll, Burdach and the sensory and ascending 
5th (to some extent) of the side opposite to the lesion. Mahaim‘ 
criticizes Hésel’s observations, but Hose! maintains his position. 

There is therefore considerable valuable anatomical evidence to show 

that the central convolutions receive afferent impressions, which have 
travelled from the periphery to the posterior columns of the cord, viz. 
the portions which are affected in locomotor ataxy. 


1 Flechsig. ‘Ueber die Verbindungen der Hinterstringe mit dem Gehirn.” Neurol. 
Centralblatt, v. 1885. 
2 Von Monakow. Zur Kenntniss der und Schleife.” Neurol. 
11. 1885. 
§ Hésel. Archiv Psychiatrie und Band XXIV. XXV. 
Centralb. 1893. No, xvm. p. 576. Rindenschleif von Dr Hésel. 
*Mahaim. Archiv fiir Psychiat. Vol. xxv. 
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Before considering my own experiments I would venture to criticize 
the opinion of Dr Ferrier that the Hippocampal gyrus is connected 
with cutaneous sensibility. Researches in comparative anatomy show 
that this region is connected with the sense of smell. Zuckerkand| 
and Broca' are of opinion from comparative anatomical studies 
that the whole.limbic lobe is connected with smell. Luciani and 
Fasola were unable to confirm the result of Ferrier on the Hippo- 
campal gyrus. Hill* has shown that it is only the Hippocampal region, 
i.e. that portion in which the border of the mantle bears fascia dentata, 
which is absent in anosmatic animals, and his observations in no way 
support the assumption of Broca and Zuckerkandl. In Nov. 1883 
Prof. Ferrier* changed his opinion, and says: “I have all along held 
and hold both on experimental, and on clinical grounds, that the centres 
of common sensation, including muscular sensibility are anatomically 
distinct from those of motion and are situated in the subcortical region.” 
After, however, the experiments of Horsley and Schafer‘ on the gyrus 
fornicatus, the evidence appeared so clearly to point to the limbic lobe 
as a seat of cutaneous sensibility, that Prof. Ferrier adopted this lobe as 
the seat of cutaneous sensibility. Munk’ has repeated the experiments 
on the gyrus fornicatus and he states that the operation cannot be 
done without producing paralysis and as the result of his investigations 
he asserts that the limbic lobe has nothing to do with cutaneous © 
sensibility. I can only say that I do not think the evidence adduced 
proves that the limbic lobe is the seat of cutaneous sensibility, because 
in other sensory regions e.g. the occipital lobes, definite regions de- 
stroyed give rise to definite defects in the field of vision as the experi- 
ments did not show any localisation and no portion of the limbic lobe 
was found to be connected with a definite skin area. It was necessary 
to destroy the whole gyrus fornicatus to produce marked sensory defects 
and then a hemianzsthesia was produced. This is a very serious injury 
and it is possible to conceive that such a disturbance of the hemi- 
sphere would produce a hemianzsthesia, or the sensory fibres as they 
emerge from the internal capsule might be involved to a much greater 
degree than the motor. The great argument that is offered against 
these hypotheses is the fact that there may be persistent hemianesthesia 
without motor paralysis, and case 37 in Horsley and Schafer’s work 


1 Ueber das Riechencentrum. F. Enke, Stuttgart, 1887. 

2 **The Hippocampus ” Phil. Trans, Vol. cuxxxtv. 1893. 

% “Oration before the Med. Chir. Soc.” Brit. Med. Journal, Nov. 1883. 
* loc. cit. 5 loc, cit. 
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is cited. “There was no perceptible paresis produced by the operation 
in this monkey. The right hand was used much less than the left.” 
They explain this by assuming the monkey was left-handed or perhaps 
the diminished. use of the hand was due to the loss of tactile sensibility. _ 

The report of the autopsy viz. that the lesion had destroyed part of 
the anterior portion of the gyrus marginalis which would undoubtedly 
- cause paralysis of the shoulder muscles, taken with the fact that Mr 
France’s observation showed a naked eye degeneration of the crossed 
pyramidal tract, leads me to believe that the correct inference was a 
paresis of the shoulder muscles. The report of the sensibility tested on 
the 10th day supports that conclusion, for we find recorded, “after this 
time the sensibility began slowly to improve especially in parts.” 
Reaction is now observed on stimulating the right hand and arm below 
the elbow, but none from the upper arm and very little from the 
upper part of the trunk down to the level of the iliac crest. 
The right ear is still quite insensitive, but the side of the face is 
sensitive. The right foot is rather more sensitive than before and 
indeed the whole lower limb reacts (although more slowly and less 
markedly than on the left side) to both tactile and painful sensa- 
tions’, that is to say the motor areas which were most likely to have 
been damaged by the lesion (and which the examination of the 
brain subsequently showed had been damaged) were precisely the 
parts in which sensation remained greatly diminished or lost. The 
face retained perfect sensibility, the upper part of the arm and trunk, © 
which corresponds to the anterior part of the marginal convolutions, 
suffered loss of sensibility, while the hand (which should be highly 
represented in any cortical centre) gave a reaction on stimulation. By 
reference to the diagram we could understand why this should be if we 
supposed that the results were due to lesion of the fibres on their way 
to the motor area. Moreover the permanence of the anesthesia from — 
lesions of the gyrus fornicatus may be accounted for by the fact that 
destruction of this convolution means a lesion very close to the optic 
thalamus—a lesion which would also divide the fibres which pass 
through the corpus callosum to the opposite hemisphere, and so prevent 
restitution by the function being carried on by the other half of the 
brain. I am not prepared to say that the gyrus fornicatus is not con- 
nected with cutaneous sensation, but I think that the evidence does 
not warrant us in accepting the dictum that this convolution “is largely 


1 loc. cit. 
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if not exclusively connected with tactile and common sensation in 
the opposite half of the body” to the exclusion of the “motor area” 
entirely. 

: Munk’ in criticizing this work of these three observers is much 
more dogmatic, for he states there is neither a sensory centre in the 
falciform lobe of the monkey nor does sensation remain in the monkey 
after injury to the so-called motor area. Nothing else is correct except 
that after certain limited lesions of the extremities, disturbances of 
sensibility were not found. This holds good for the monkey as well as 
the dog, and is only more conspicuous in the monkey, because the 
regions of its extremities are much more extensive than those of the 
dog, so that by small extirpations of absolutely the same size in both 
animals, one removes a small part of the region of the extremities in the 
monkey but a comparatively large part in the dog. 

He also states* that Ferrier after destroying by cauterization or 
similar means the cornu ammonis met with no other result but the 
general consequences of any injury to the hemisphere (no matter in 
which region it is injured), viz., vision, hearing, movement and sensibility 
impaired. This was also the case in Dr Ferrier’s other experiments ; 
the injury was mostly so extensive that the monkey died in a few days, 
and in these cases great disturbances of sensibility and movement were 
found, either at once or as the inflammation and the softening spread. 
When the injury was less extensive, the disturbances of movement and 
sensibility were much less pronounced and disappeared soon. The latter 
group of experiments Dr Ferrier considers as not successful. This 
proved for Dr Ferrier the presence of a centre of sensibility in the 
uncinate gyrus. Luciani and Fasola have in similar experiments not 
met with any disturbances of sensibility. Horsley and Schafer, after 
the shock of the operation was over, did not find any disturbances either 
of movement or of sensibility ; except when the injury was very exten- 
sive (as they made it on Dr Ferrier’s advice) and then the disturbance 
was but temporary. Munk entirely confirms the results of Horsley and 
Schafer that after destruction of the cortex of the gyrus fornicatus, 
disturbances of sensibility occur, but he declares that it is impossible to 
perform the operation on the gyrus fornicatus without injuring in some 
_ way the motor area. Although Horsley and Schafer state that in 
some cases they performed the operation extensively without injuring 
other parts, they are contradicted by their own statements of the results 
(except experiment 42) and their pictures, and by the fact that there 

1 loc. cit. p. 44. . * Munk. loc. cit. p. 40. 
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were disturbances of movement in every case’. The question is whether 
the disturbances of sensibility are connected with the unavoidable 
injuries connected with the operation? Horsley and Schafer deny 
this, but a careful analysis of their experiments only serves to confirm 
our view, that the two kinds of disturbances are connected with each 
other. Observations to find out the function of the gyrus fornicatus 
have not so far been successful. Munk in his latest work after thus 
criticizing the work of Horsley, Schafer and Ferrier concludes that 
there is no centre of sensibility in the lobus falciformis of the monkey, 
but injury to the motor area does affect sensibility; we do not know 
the reason why the sensory disturbances are almost imperceptible, 
when the injury is small. In the motor area the sensation of touch 
and of pressure of the corresponding extremities is perceived, and the 
reaction to touch and pressure takes place. Sensibility to pain also 
depends on the motor area, probably exclusively as long as the pain | 
does not exceed a certain limit, so that after destruction of those regions 
Sensibility to pain is diminished and is but imperfectly restored later 
on. The same region is connected with the reflex centres of the 
corresponding extremities, so that after destruction of that region the 
reflex irritability is much increased. 7 


I will now give a summary of my own experiments and the mode of 
operation and results. The expenses were partially defrayed by a grant 
from the British Medical Association for the advancement of medicine 
by research. 

The experiments performed were seven. —In all cases save one, very 
tame intelligent animals were used. Suitable animals for testing 
sensibility are obtained with difficulty and many animals have to be 
rejected because they behave indifferently to the clip and other sensory 
tests. The six experimented upon were chosen from a large number of 
animals, and I consider the results much more reliable than could be 
obtained from an indefinite number of wild, indifferent, or shy animals. 
Most of the animals obtainable are very young — these are generally 
useless. 


Mode of operation. 


The ‘animal having been anesthetized with chloroform or ine 
the side of the head was shaved and made thoroughly aseptic. A 


1 France examined the central nervous system of 6 of Horsley’ oe 
degeneration of the pyramidal tract in every case. 
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large flap of the scalp was raised, the periosteum separated, and a piece 
of bone removed large enough to expose the whole of the motor area 
with the exception of the lower portion of the tongue and face area. 
The dura mater was now opened, and from this time onward only boiled 
saline solution was used on the wool instead of Carbolic acid solution or 
Perchloride of Mercury. A soft metal brain knife (such as used by 
Mr Horsley) bent at a measured angle so as to avoid injuring the gyrus 
fornicatus was passed into the rolandic region up to the falx cerebri and 
then carried first forwards and then backwards so as to separate a large 
portion of the ‘motor’ area, the piece of brain being left connected only 
by the pia mater in places and the large vessels. In this way little or 
no disturbance of other parts was effected as no vessels of any size 
were bleeding, it required no thrombosis in the vessels to arrest the 
hemorrhage, and it is claimed for this method that the injury is 
limited strictly to the area separated, there being no secondary softening 
from extension of coagulation in vessels. In all cases the scalp was 
sewn with interrupted horse hair stitches and collodion dressing applied. 
In every case the antiseptics succeeded and the wound healed all along 
by first intention. The lesion in 3 cases was very extensive involving 
nearly the whole of the “ motor” area sparing the face and tongue area 
in part. 

The lesion in 3 other cases was not quite so extensive involving 
mainly the leg area, but the incision was carried well below sulcus « 
and outside the area, stimulation of which would produce movements of 
the opposite lower limb. This means a considerable sized piece of 
brain separated. i 

In one case the lesion involved the lower portion of the ascending 
frontal and parietal convolutions, so as to be well outside the whole of 
the face area. 


Summary of the Results. 


Paralysis and defective sensibility invariably occurred seated 
together on the opposite side. If the whole leg area were removed (to 
do this we must cut well outside the ordinary limits, for I hold that all 
these centres overlap’), there was paralysis of the opposite leg, perma- 
nent as regards the fine movements of the foot, also diminished sensi- 
bility to all forms of stimulus for some days after the operation and a 

? Sherrington has shown that cauterization of small portions of the arm area is 


followed by degeneration in the pyramidal tracts in the lower portions of the cord. 
Proceedings of the ¢ Physiol. Society, July 25, 1892. 
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blunting of sensibility to the presence of a weak clip which lasted as 
long as the animals were kept alive. 

If the more extensive lesion be performed, there is permanent 
paralysis of the fine movements of the hand and foot and paresis of the 
other muscles; but even in such a case there is return of coarse 
associated movements of hip and knee and head and neck, probably due 
to the action of lower centres. Such animals showed for some time 
after the operation defective sensibility to sensory stimuli, since only 
very painful pricking or heat would cause a response; and the parts 
that remained permanently paralysed, such as the hand and foot, never 
recovered tactile sensibility sufficient to show any response to a 
-clip fixed thereon, whereas the animal would remove a clip from 
much less accessible parts, such as the face on the side of the 
paralysed arm and leg and also from the trunk—but there was always 
delay. In two cases Experiments III. and V. there was marked ‘allo- 
chiria. In fact in most cases the animal seemed to show a loss of sense 
of position of the limb. In all cases examinations of the brain and 
spinal cords were made. The extent of the lesions were observed as far 
as possible at the autopsy, but in most cases owing to the complete 
cicatrization that had occurred it was quite impossible to determine the 
extent of the lesion until the brain had been hardened in Miiller’s 
Fluid, and sections cut which was done in all cases. The results 
showed that by measuring the angle of the brain knife exten- 
sive separation of large portions of the motor area could be 


effected with little or no direct or indirect injury of the gyrus 


fornicatus. I say indirect because my method’ prevented vas- 
cular thrombosis and softening, and the lesion therefore was 
exactly limited to the area separated. By using sterile saline 
solution on opening the dura little or no disturbance was caused to other 
parts of the brain, so that the sensory troubles which passed off or 
ameliorated could have been due to the injury of the particular area 
only. The brains and spinal cords hardened in Miiller’s Fluid were 
subsequently cut in celloidin and stained by Weigert’s method and by 
Golgi’s method or previously stained by Marchi’s method and then 
cut in celloidin. The results obtained showed a marked degeneration in 
the crossed pyramidal tract along the usual course, together with a 
scattered degeneration of the pyramidal tract on the same side as the 
lesion, for apparently in the monkey these direct fibres are fibres which 


1 First adopted by Prof. Schifer in his experiments on the frontal lobe. 
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do not decussate? in the medulla. It may be they are bigeminal as 
suggested by Sherrington. In vertical sections of the degenerated 
pyramidal tracts I have seen fibres of which the axis cylinder bifurcated, 
vide plate XII. photomicrograph VIII. There were also (especially 
when the lesion was large) a small number of scattered degenerated © 
fibres in the median direct tract. I have not observed any degeneration 
of the fibres in the posterior longitudinal bundle or the fillet. I have 
in all cases found evidence of degeneration of the fine fibril- 
lary network above the lesion in the cortex cerebri, vide plate 
XII. photomicrograph III, whether stained by Marchi’s method 
or by Weigert’s method. Of course it might be argued that these 
are commissural connecting fibres betweeen the convolutions, but they 
are limited to the lesion. There existed in all cases examined by 
Marchi’s method degenerated fibres in the corpus callosum, especially 
in large lesions, vide photomicrograph IV. In two cases (2 and 6) I 
observed when stained by Marchi’s method very considerable degene- 
ration of the fibres forming the stria medullares of the optic 
thalamus, but never any degeneration in the corpus striatum. Some 
objections have been raised to the Marchi method of staining and if 
every black dot is taken for a degenerated fibre seen in cross section, 
the grossest fallacies may arise. 

I have, however, eliminated these sources of error, first by never 
assuming that black dots are degenerated fibres unless I have made 
longitudinal sections and observed the breaking up of the myelin sheath 
with its axis cylinder process, vide plate XII. photomicrographs IX. | 
and X. 

When the sections of the brain at the lesion were stained by 
Marchi’s method, the line of incision was seen to be a mass of 
leucocytes filled with fat stained jet black by the osmic acid; especially 
was this noticeable if the animal was killed within 6 weeks of the 
operation. In the neighbourhood of the lesion could be seen the vessels 
surrounded by their perivascular lymphatic sheaths with leucocytes 
stained black sticking to their sides, for example the photomicrograph | 
XI. shows the appearance of the vessels in the gyrus fornicatus of Case 
I.,-but there was absolutely no evidence of degeneration of nerve fibres 
such as photomicrograph III. shows, which is from the same brain just. 


1 Examination of sections of the medull# showed just above the decussation no de- 
generated fibres in the opposite pyramid ; but where the fibres begin to decussate it can be 
seen that the majority of degenerated fibres sweep across to the opposite lateral column, 
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above the lesion. This condition of things existed in all the brains 
examined. To show that the portion of brain which had been separated 
underwent but little change with the exception of its being cut off 
from its connections absolutely and permanently, I stained a portion 
of the area by Golgi’s method. Photomicrograph V. shows that the 
large ganglion cells with its neuron and dendrons have not all died as 
a result of the lesion, but I think the cicatrix would prevent absolutely 
any regeneration of the pyramidal tract fibres and even after 6 months 
no evidence of such existed. Whatever restitutiow of function occurred 
was entirely due to other portions of the central nervous system taking 
on the function’—very possibly the cerebellum ; for Marchi has shown 
that a large number of fibres pass from the cerebelloan to the anterior 
horns of the spinal cord. 


It seems probably incorrect to speak of absolute localisation 
such as stimulation experiments would suggest, but rather concen- 
tration. 

Prof. Gotch’ in a very interesting paper says “In the case of the 
spinal cord, there is abundant experimental evidence to show that a 
discharge of impulses from its motor side is far more easily evoked by 
electrical or mechanical irritation of the posterior roots or the posterior 
columns than by similar irritations of the grey matter. A similar 
condition may rule in the sensory motor region of the central cortex. 
Indeed it is possible that this may only be capable of responding 
reflexly, that is, to the stimulation of its entering afferent nerves.” He 
makes this proposition to account for the very strong current that is 
required to evoke movements by stimulation of the human central 
cortex. This inexcitability except to strong currents was found also in 
experiments made by Horsley and Beevor upon the Ourang Outang’s 
brain. Belmondo* has also shown that by application of 5°/, cocain in 
normal saline solution to the cortex, it requires a very much stronger 
current to excite movements than if no cocain was used. On cutting 
away the cortex and stimulating the fibres direct, the cocain has no 
influence. This rather bears out Prof. Gotch’s view and suggests that 
possibly the cells may not be excitable, only the neurons coming from 


1 Marchi. “Origine e decorso dei peduncoli cerebellari,” Vol. xvi1. Rivista Sperim. 
di Frenatria e Medicina Legale. 

2 « A case of Focal Epilepsy,” by Rushton Parker, B.S., F.R.C.S. and Francis Gotch, 
M.A., F.B.S., M.R.C.8. Brit. Med. Journ. May 27, 1893. 

3 ** Sulla ‘modificasione, dell? eccitabilita corticale indotta dalla Cocaina e sulla natura 
dei centri psico-motori di E. Belmondo.” Lo Sperimentale, 1890, 
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them. The existence of the large cells of the third layer with which 
they are connected, much resembling the large anterior cornual cells 
of the cord in the central convolutions, alone is strong presumptive 
evidence of motor function, but it is contrary to reason to suppose 
that these are discharged spontaneously without an afferent stimulus, 
and I think that clinical experience, experiment, and anatomical in- 
vestigation all tend to show that these cells are discharged by sensory 
inspalses travelling up fibres which terminate in the so called “motor 
area” and that it is not “ purely motor” but sensori motor. The 
terminus of the sensory paths is coincident with but not exactly (for 
reasons previously stated) coextensive. 

The following experiments which I now give in detail support 
Munk’s conclusion that in the “Motor area” the sensation of 
touch and of pressure of the corresponding extremities is per- 
ceived and reaction to touch and pressure takes place. 


_ Experiment I. Tame Macaque Monkey which responded to sensory 
tests was anesthetized and the left leg area was separated from its connection 
with all antiseptic precautions. Subseqently it was found that the injury 
had also involved the upper part of the arm area. Six hours after the 
operation, the animal was found sitting on the perch with its right paralysed 

leg hanging down, and it was noticed also that there was some degree of 
paralysis of right arm. 

lst day after operation. The animal was tested by weak faradic current— 
no notice was taken of this when applied to the right foot, but it struggled 
and withdrew the left foot when the electrodes were applied. If the current 
was made stronger it gave obvious signs of feeling. It does not respond to 
moderate heat and cold, but if excessive, it struggles (tested by hot wire and 
by test tube containing ice and hot water). Whereas previous to the 
operation a clip placed upon the right foot immediately attracted its attention 
to its removal, it now takes no notice of it. 

3rd day. The monkey was tested in the presence of Dr Waller who 
was decidedly of opinion that there was complete loss of tactile sensibility 
- in the right foot and greatly diminished thermal and painful sensibility as 
compared with the left. 

4th day. Flexion of right hip and knee joints observed although like 
spinal hemisected animals it is only after flexing the non-paralysed limbs, 
that the associated movement in the opposite limb occurs. 

Clip test same as before. To sharp pricking with a pin it shows obvious 
signs of feeling on the right side. There is still however considerable | 
diminution of sensibility to pain. Tested with faradic brush. Sometimes a 
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strong current was applied, sometimes no current, the animal not being 
allowed to see what was being done. Whereas it would show facial signs of 
feeling the slightest touch with the hand on the non-paralysed limb, it gave 
no evidence of feeling or apprehending the application of the current unless 
it was actually passing. Showing clearly that the tactile sensation produced 
by the brush did not make it conscious of the possibility of a painful stimulus 


following, as was. the case on the left non-paralysed side. My experiments — 


also show that after large lesions sensibility to pain is diminished in the 

6th day. Tested the animal in presence of Mr Horsley with the same 
results. 

_At the end of five weeks the animal had recovered movement very 

considerably and the only paralysis which was obvious without careful 
examination was in the fine muscles of the right foot. Tactile sensibility 
still seems to be blunted, for if a weak clip be affixed gently and without the 
animal seeing no notice is taken of it. There was also slight delay in response 
to painful sensations. 

Animal killed and brain seniied, vide photo. of section IT. Plate XII. 


Experiment II. Small tame Rhesus—similar operation of leg area, 
subcortical separation on the left side—results much the same; in this case, 
however, the incision with the brain knife was made nearer sulcus x so as to 
involve less of arm area. When the animal recovered it was found that only 
the leg was paralysed, there being little or no defect of movement in the 
right arm. The same tests were applied and with the same results, viz. at 
first diminution of sensibility to pain in the paralysed limb, which passed off, 
however, sooner than in Exp. I., but always a little delay in responding to the 
hot wire or faradic brush. To very weak clip it takes no notice when applied 
to the skin of the sole of the foot. The animal was kept alive three months. 
There was perfect restoration of movement in hip and knee joints, but the fine 
movements of the foot were permanently affected, and careful testing by very 
weak clip and the application of wool which might or might not convey a 
strong electric current led me to believe that tactile sensibility was impaired 
in the sole of the paralysed foot. Photo. I. Plate XII. shows the brain and 
the scar of the lesion. 


Experiment III. Bilateral Lesion—Tame intelligent Rhesus Monkey. 
The leg area was first destroyed on one side and later on partially on the 
other ; the movements which had returned in the leg paralysed by the first 
operation were not in any way affected by the second lesion, which was 
partial separation of the leg area. This animal was exhibited at the 
Neurological, Physiological and Medical Research Societies and it showed 
paresis in both legs, diminution of tactile sensibility in the feet, more marked 
on the side in which the muscular weakness was most apparent. The animal 
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which was very intelligent also showed a condition of allochiria, for frequently 
when the strong clip was placed upon the right foot it would draw up the 
left foot and examine it, and after several attempts would try the other foot 
and remove it. This was very evidently due to a loss of power of localization. 
_ It removed the clip with the greatest accuracy and precision from the trunk, - 
from the face, and from the arm. The animal is still alive, 12 months after 
first operation, and shows some defect of sensibility in the foot most 
paralysed. 


Experiment IV. Tame intelligent Rhesus. Subcortical separation of 
- the whole left motor area except the most inferior portion of the ascending 

frontal and ascending parietal convolutions, viz. the whole of the leg, trunk, 
head and eye and arm areas with a portion of the face area, care being 
taken not to injure gyrus fornicatus: vide Brain, Plate XII., photos. VI. 
and VII. | 

lst day after operation. With strong faradic current (brush and wool) 
does not take any notice on right hand and foot. No notice taken of strong 
clip fixed on the right arm or leg in any part. Animal does not respond to 
sharp pricking in the paralysed limbs. The head and eyes are turned towards 
the left and it does not see to the right side of it, because it cannot turn its 

head to the right. 

: This animal was demonstrated at meetings of the previously mentioned 
- societies and also to Dr Bastian. 

_ It was noticed that whereas it would not remove a clip fixed to any part 
of the right arm or leg, that if attached to the face on that side it would 
immediately take it off. The face was not paralysed. After a month it 
could run about, there was however considerable weakness in the right leg, 
and permanent paralysis of the right arm and hand and also of the fine 
- movements of the foot. In the parts permanently paralysed although it 
_ responded to strong painful impressions yet it never removed the clip from 
the hand or the foot, although it would from less accessible parts of the trunk. 
The animal was extremely sensitive to tactile and painful sensations on the 
left non-paralysed side, and it was with great difficulty that a weak clip 
could be attached for a single moment. For if attached to the left foot it 
was immediately removed with the left hand, and if attached to the left hand 
it was immediately removed by the teeth or shaken off. This animal was 
kept alive six months and at the end of that time there was still permanent 
blunting of tactile sensibility in the hand and foot paralysed, as sown by the 
following note. 

Tested animal for the last time, found that it removes a strong clip from 
all parts of the arm, trunk, leg of the paralysed side, but generally after 
delay, and with considerable difficulty in localization as compared with the 
_ non-paralysed side. It never takes the slightest notice however of the clip 
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when plaad the palm of the hand or the sole of the fot of the 


paralysed side. 


Experiment V. Healthy Bonnet Monkey, tame and full grown. 

Subcortical section of the whole of the leg and arm area including head 
and eye and most of the face centre of the left side. Almost the whole of the 
motor area was involved. Half-an-hour after operation there was deviation 
of head, eyes and tongue towards lesion with paralysis of left arm and left leg. 
Ist day after operation. The cheek pouch noticed to contain food which 
he had eaten the day previously and which he makes no attempt to remove 
with the hand. A stoned cherry placed in front of his lips is seized when it 
touches the left of the median line, but as soon as it gets over to the right 
side he makes no attempt to get it with his hand (the eyes being covered), he 
is apparently quite insensitive to touching on the face, touching the cornea 
evokes the reflex, but no conscious sensation is manifested. A clip fixed on 
any part of the right side is not felt, but on the left it is immediately removed 
with his hand or teeth if it can not be shaken off. After very sharp pricking 
a delayed response sometimes occurs. (1? slight paralysis of tas sine 
palpebrum. ) 

2nd day. % Some right hemianopsy, possibly due to the head being 
turned towards lesion, but no deviation of the eye. When a cherry is placed to 
the left of the animal it takes it with the greatest precision, when placed to the 
right it sees the cherry but does not judge accurately the distance with the 
left hand and it grasps it only after several attempts. It cannot follow well 
a@ moving object towards the right, although if held steadily it can see it 
and will seize it. Food still collects in the right pouch and it takes no 
notice of a cherry when it touches the right part of the lip although it 
does when it touches the left. A clip fixed on the hand, foot, or ear of 
the right side not noticed, but on the left side it is removed without any 
delay. Pricking must be strong on the right side of the body to evoke any 
response. 

4th day. Paralysis of face is passing off, still anzesthesia of arm and leg. 

7th day. A weak clip fixed on any part of the face of the right side is 
not removed, whereas it is immediately on the left. 

13th day. While the animal’s attention was engaged from the front with 
cherries my assistant Mr Fricke tested sensation, standing in such a manner 
behind the animal that it did not see. Only the strongest sensory stimuli 
were noticed on the right side, whereas the slightest touch would be observed 
on the left. Frequently allochiria has been observed, the animal — 
the left foot when the right foot was stimulated. 

This animal was killed at the end of the third week. It had recovered 
coarse movements in the lower limbs, but there was undoubtedly loss of 
tactile — and diminution of sensibility to pain in the paralysed parts. 
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In none of the foregoing experiments was the gyrus fornicatus found at — 
the autopsy to be injured to any extent. In fact this portion of the brain 
was almost intact in all cases, the most obvious approach to any injury was in 
case 1, and this I have figured. | 

Expertmment VI. Rather wild Rhesus. 

Similar operation to the above was performed with very similar results, 
but the experiment was not so valuable because the tests when applied were 
difficult owing to the creature not being tame. However the paralysed parts 
were undoubtedly not so susceptible to sensory stimuli as the non-paralysed. 


Experment VII. Rhesus fairly tame. 

Separation of the whole of the lower portion of the ascending frontal and 
parietal convolutions a piece about the size of e shilling. 

Two hours after operation the animal was found to be anxsthetic to iialing 
over the whole of the right side of mouth, cheek, nose and hand. The lips 
were everted and tested in a similar manner with the same result. 

2nd day. The anesthesia was still present but the animal responds to 
sharp pricking, cheek pouch full on paralysed side, a good deal of difficulty 
in swallowing. 

3rd day. Animal was found dead with right-cheek —— filled with 
food. 


As Prof. Schafer was engaged in making experiments in this 
direction I did not continue my observations of removal of this face 
area. | 
_ It should be mentioned that these sensory defects could not be due 
to injury of the gyrus fornicatus or the fibres going to it. 


Summary of evidence in favour of Sensory Motor functions of the 
Central Convolutions of the Cerebral Cortem. 


Anatomical. Flechsig’s embryological researches show that 
afferent fibres from the Corona Radiata pass to the Central Convo- 
lutions behind the fissure of Rolando. Flechsig and Hésel maintain 
that these fibres come from the sensory nucleus of the 5th and the 
nuclei of the posterior column of the opposite side, by way of the 
internal arciform fibres, interolivary layer and fillet. According to 
Singer and Munzer, Mahaim and Monakow, the fillet fibres find 
their end station around cells in the Optic Thalamus and from this 
mass of grey matter fibres pass to all the regions of the cortex cerebri 
by the fibres of the Corona Radiata. I would incline to this view 
from experiments I shortly hope to publish. Flechsig and Hésel’s 
work however undoubtedly shows that afferent channels connect 
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the posterior column nuclei and the sensory of the 5th with the 
opposite Rolandic area either directly by the fillet (Hauptschleife) 
or indirectly by the fillet and Optic Thalamus. 

My subcortical sections show a degeneration of afferent fibres 
above the lesion, which would fit in with the above view, as the 
appearances of the cortex quite agree with those obtained by injury 
of the posterior part of the internal capsule. 

Marinesco and Malli? have shown that lesions of the Pons in 
which the chief fillet (Hauptschleife) was involved, have been associated 
with affection of the cutaneous sensibility of the opposite side of 
the body. | | 

Experimental and clinical. The experimental researches of — 
Munk, Tripier, Melli, Luciani and Seppili, Schiff, and my own, all 
point to the fact that large lesions of the so-called motor area are followed 
by paralysis and defective sensibility of the skin ‘in the contralateral 
limbs. Goltz, who will not admit any paralysis, still allows that there 
is defect of sensibility, and Bechterew, who thinks there are inde- 
pendent motor and sensory centres, yet allows that the two may overlap. 
In fact Starr and Bechterew agree very closely in their views, viz. that 
in man sensory defects will arise when the lesion is behind the fissure ~ 
of Rolando. Now this is the region in which Flechsig claims that 
the sensory fibres terminate, but it may be only the limit to which the 
fibres can be traced by existing methods. Of course reference to the 
diagram on p. 469 will show that when the lesion is behind the fissure 
of Rolando, not only will the fibres going to this area be destroyed, 
but also (since they run from behind forwards), the injury will destroy 
the fibres which terminate in the cortical area in front of the fissure of 
Rolando; moreover, the farther back the injury is in the central 
convolutions, the nearer it will be to the neck of the sensory funnel, 
consequently nearer to the trunks before collaterals can have arisen. 

Similarly when the angular gyrus is injured hemianopsy may 
occur but this is due to the destruction of fibres going to the occipital 
lobe. On account of this it was for a long time taught in England 
that the angular gyrus and not the occipital lobe was the visual 
centre, 

Clinical evidence strongly supports the localization of skin and 
muscle sensibility in the central convolutions ; particularly have I had 
this impressed upon me by the examination of the two recent cases 


1 Molliand Marinesco. ‘*Erkrankung in der Haube der Briicke mit Bemerkungen 
iiber den Verlauf der Bahnen der Hautsensibilitit,” Archiv fiir Psych. Bd. xxtv. 
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of removal of tumour from the motor area by Mr Horsley. Both 
these patients exhibited even two months after the operation loss 
of tactile sensibility in the skin of the paralysed parts and blunting 
of painful sensations and of sensations of heat and cold. A clip fixed 
upon the paralysed limbs was unheeded just as in the monkeys, but 
when fixed upon a non-paralysed part, it was immediately recognized 
and removed; making me certain of the reliability of this test in 
animals. 

Should we consider this area “a Gefuhlsphaere” and adopt the view 
of Munk, which is really a combination of the motor ideation (muscle 
sense) of Hitzig and tactile ideation of Schiff, and allow that paralysis 
occurs as the result of inability to revive the sensory images incidental 
to movement or should we look upon the central convolutions as sensori- 
motor? This is a psychological question that I do not attempt to 
answer, my object having been fulfilled if I have proved that it is 
no longer possible to deny that the Rolandic area possesses sensory — 
functions as well as motor. 


EXPLANATION OF PHOTOGRAPHS AND Puate 
ILLUSTRATING Dr Mort’s PAPER ON THE SENSORY Moror Funcrions 
OF THE CENTRAL CoNVOLUTIONS OF THE CoRTEX CEREBRI. 


Photo I. Brain in situ after the removal of the calvarium; on the right- 
hand side is seen a line crossing the central convolutions and intersecting the 
fissure of Rolando at a right angle. This is the line of subcortical incision 
in Experiment II. The animal was killed three months after the operation 
and there was no inflammation except along the line of incision, where there 
was a cicatrix which extended beneath the leg area right up to the middle 
line of the hemisphere. 

Photo II. is a section of the brain, Experiment I., stained with carmine, 
and at the top is seen the line of the cicatrix which has separated completely 
the leg area. In this photograph is seen also a line of scar tissue going down 
into the white substance. I purposely show this section because it was, out 
of a great many that were cut and mounted, the one that showed damage 
approaching near the Gyrus Fornicatus, yet inspection will show that this — 
convolution and the white matter in connection with it is intact. s 

Photomicrograph III. Magnification 150 diameters. A small part of — 
the cortex above the line of incision showing degeneration of the fine plexus 
of nerve fibres that end in the grey matter; stained by Marchi’s eee. 
Experiment I. 
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Photomicrograph X I. 


Photomicrograph X. 


PHOTO. VII. 


PHOTO. 
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Photomicrograph IV. 
PHOTO, VI. 


PHOTO. 11. 


_ Photomicrograph II. 
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Photomicrograph IV. Degenerated fibres in Corpus Callosum. Ex- 
periment I. Magnification 250 diameters ; stained by Marchi’s method. 

Photomicrograph V. A small portion of the cortex above the line of 
incision stained by Golgi’s method, showing a healthy pyramidal nerve-cell 
in the area which has been separated. 

Photograph VI. Brain seen in situ after removal of the left half of the 
calvarium. The line of the scar separating nearly the whole motor area can 
be seen. Experiment V. 

Photograph VII. is a section through the brain of Photograph VI. 
stained by Weigert’s method. On the right side a white line somewhat 
like a shallow funnel is seen; this is the line of incision, which owing to 
atrophy of the efferent fibres of the motor area has taken this form, the apex 
of the funnel projecting into the internal capsule. On the left side there is a 
slight accidental defect in-the section, but projecting down from the motor 
area can be seen the dark band of internal capsular fibres, which are however 
absent on the right side. 

Photomicrograph VII. Degenerated fibre of crossed pyramidal tract of 
spinal cord ; apparently the axis cylinder is bifurcating. Magnification 450 
diameters ; thaladt by Marchi’s method, The specimen is a vertical section 
of the lower dorsal spinal cord. The animal was killed ten days after a 
cortical lesion of the hemisphere. 

Photomicrograph IX. Degenerating fibre of the direct cerebellar tract seen 

in vertical section, five days after a hemisection of the spinal-cord. The 
myelin has undergone the chemical change by which it becomes black when 
stained by the Marchi method. The axis cylinder is visible where the 
myelin sheath has begun to break up. Magnification 100 diameters. 

Photomicrograph X. Degenerated nerve fibre of crossed pyramidal tract 
in vertical section. The myelin has almost entirely disappeared. Three 
weeks after lesion of cortex. Magnification 500 diameters. Stained by 
Marchi’s method. 

_ Photomicrograph XI. Vessel from the brain a considerable distance 
from the lesion. In the perivascular lymphatic sheath are seen numerous 
white corpuscles stained black owing to the Marchi fluid having blackened 
the contained particles of degenerated myelin which the leucocytes have 
picked up and are now carrying off. 
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CHEMICAL NOTE ON THE SECRETION OF MYXINE 
GLUTINOSA. By E. WAYMOUTH REID, Professor of 
Physiology in University = Dundee, St Andrew's University, 


No observations upon the chemical nature of the peculiar slime of the 
Hag-fish (Myxine Glutinosa) have to my knowledge been published. 

_ Hammarsten! at the end of his well-known paper upon the mucin 
of Helix pomatia refers to the secretion of Myxine but remarks, 
p. 455, “ Hier ist die Untersuchung in der That so schwierig, dass alle 
meine Bemiihungen bisher ganz umsonst gewesen sind.” In a private 
communication he tells me he has never proceeded with the work. 

It had been my intention to have waited till sufficient material 
had been collected for a few quantitative analyses before publishing 
my observations, but the failure of an expected supply of fish during 
the past season and the uncertainty of obtaining material in the imme- 
diate future, prompt me to publish the present short note. The work 
detailed below therefore is admittedly deficient in several respects. 

Pressure upon the walls of the ventral slime glands of the Hag-fish 
causes the exudation of an extremely viscid, “milky” secretion, which 
when placed in sea or fresh water, in part dissolves, — a ropy 
solution permeated by fine threads. 

As I have demonstrated in a previous ocendiuatesiica’ the fresh — 
slime teems with “granules,” which dissolve “explosively” upon contact — 
- with water, yielding a viscid solution. In addition there are present the 
“thread cells” of Miiller, the thread unwound in varying degree. 

A granule substance and a thread substance therefore are 
present for examination. 


1 Pfliiger’s Archiv, Bd, xxxv1. pp. 873—456. 
* This Journal, Vol. xrv. p. 340, 
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Preparation of the two constituents of the slime. 


The fresh fish were carefully washed, and strips of skin containing 
the glands were prepared by means of two parallel incisions on the 
ventral surface passing from head to tail. : 

The contents of the glands were now expressed by passing a spatula 
over the outer surface of the strips of skin spread upon glass plates. 

The secretion thus collected reacts alkaline to litmus but curiously 
- enough gives no tint with phenolphthalein’. 

The material was now at once placed in a large volume (2 litres per 
fish) of 01°/, potassium hydrate (proved sulphur free) and agitated for 
several hours. 

The threads are quite unaffected by alkali at this dilution, #0 
that after 24 hours one has a white silky mass of threads at the 
bottom of the vessel and a limpid solution of the granule substance 
above. 

Water may be used instead of dilute alkali for extraction, and 
dissolves the granule substance (probably by the aid of the alkali in 
the slime), but solution is slow, and the importance of quick solution 
in order to obviate decomposition cannot be exaggerated. 

_ During the process of extraction the vessels were kept as cool as 
possible, the solution “ thymolised,” and filtration of the extract acceler- 
ated by the Bunsen pump. 

This method of extraction was repeated for three days, the extracts 
being at once subjected to precipitation as soon as obtained. 

As precipitant of the granule substance from its solution in ‘01°/, 
potash, either addition of hydrochloric acid to ‘1°/, or of acetic acid 
to 1°/, was employed. No difference in the reactions of the precipitates 
obtained by the two methods was observed. 

The collected: precipitate was well washed with dilute acetic acid 
and water, redissolved in ‘02°/, potassium hydrate and reprecipitated. 

This second precipitate was well washed, extracted for 24 hours 
with cold, and 8 hours with hot absolute alcohol, then 24 hours with 
cold, and 8 hours with hot ether, the hot extractions being performed in 
the ordinary Soxhlet apparatus. The cea was finally dried over 
sulphuric acid. 

The mass of threads remaining unaffected by the treatment of the 
secretion for 3 days with ‘01°/, potash, was extracted for 48 hours 


1 The same is true of the slime of the Common Eel. 
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longer with ‘02°/, potash and finally well washed in frequent changes of 
water during a further period of 48 hours, the vessels _— kept ag 
and thymol added to their contents. 

The threads were finally subjected to the usual extractions with hot 
and cold alcohol and ether and dried over sulphuric acid. The material 
so obtained is termed the thread substance. 


The Granule Substance. 


The granule substance, prepared in the manner just described, is a 
grey powder insoluble in cold and hot water and requiring the presence 
of alkali for its solution. 

A solution in ‘1°/, sodium hydrate was used for the reactions given 
below. 

Boil solution. No coagulation. | 

Acetic acid. Flocculent precipitate insoluble in excess. — 

Hydrochloric acid. Flocculent precipitate soluble in excess. 

Nitric acid. Precipitate, partly soluble in excess and giving xantho- 
proteic reaction. 2 

Millon's reagent. Characteristic reaction, Cas however than with 
most proteids, and destroyed by excess of heat. 

Copper Sulphate + Sodium Hydrate. Violet colour. No reduction 
on heating. : 

Cobalt Sulphate + Potasstum Hydrate (Pickering). —? 
purple colour. 

Potassium Ferrocyanide + Acetic acid. No precipitate or faint 
opalescence. 

Sulphuric + Glacial Acetic acid. Reaction of Adamkiewicz, but not 
so marked as with most proteids. 

Sodium chloride + Acetic acid. Addition of } to 4 vol. of saturated 
solution of sodium chloride prevents the formation of a precipitate on 
subsequent addition of acetic acid till acidity is marked. 

_ The solution to which sodium chloride has been added is however 
precipitated by copper sulphate, potash alum, and tannic acid, but not 
by mercuric chloride or potassium ferrocyanide. 

Presence of Sulphur. Fusion of some dry granule substance in a 
silver capsule with sulphur-free potash and potassium nitrate, solution, 
and subsequent treatment with barium chloride and hydrochloric acid, — 
gave a precipitate. 

_ Presence of Phosphorus. The method recently recommended by 
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Halliburton! of evaporation of the solution of the substance in nitric 
acid with addition of sulphuric acid and potassium chlorate, solution 
and treatment with ammonio-nitro-molybdate solution was employed. 
A precipitate was obtained with the nitro-molybdate solution, but 
considerably less than from an equal weight of a preparation of “pure 
serum-albumin” obtained from Griibler. 

Pepsin + Hydrochloric acid at 40°C. The solution in ‘1°/, potash 
was neutralised (with precipitation) by hydrochloric acid, the percentage 
of acid raised to ‘25°/., pepsin added, and the mixture at at 40° C. 
for seven days. 

The precipitate dissolved, though in a control flask to which 
hydrochloric acid but no pepsin had been added, no solution of the 
precipitate occurred. 

Boiling with dilute Sulphuric mid Some ‘granule iesbinansin was 
boiled on several occasions for periods ranging from 4 to 8 hours 
with 2°/, sulphuric acid. No substance reducing Fehling’s fluid 
was obtained. 

The process detailed by Hammarsten’ for demonstration of “ani- 
mal gum” was also gone through with negative result. | 

(I obtained this substance with ease by Hammarsten’s method 
from the Edible Bird’s-nest, which Green* has shown yields a body 
reducing Fehling’s fluid on boiling with dilute sulphuric acid.) 

Many of the above reactions would seem to place this substance in 
the class of Mucins, and such reactions tally rather closely with those 
given by Hammarsten for the.“ mantel mucin” of Helix, but the 
impossibility of demonstrating the presence of “animal gum” or of any 
body reducing Febling’ s fluid after boiling with dilute sulphuric acid, 
and the solubility in pepsin and hydrochloric acid are marked points of 
difference. 

The presence of phosphorus also takes the substance out of the class 
of Mucins, yet its complete solubility in pepsin and hydrochloric acid 
does not admit of its being handed over to the Nucleo-albumins. 


Thread Substance. 


The purified thread substance presents a marked superficial resem- 
blance to Silk. It differs however from Silk in that: 


1 This Journal, Vol. x11. p. 814. 
Loe. cit. pp. 405—409. 
8 This Journal, Vol. v1. p. 40. 
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(i) It contains sulphur. 
(ii) It is soluble in weak potash (2°/,). 
(iii) It is soluble in Trypsin and sodium carbonate. 
It also differs from Wool in that it is soluble in zinc chloride neutral- 
ised by boiling with zinc oxide. 
The thread substance reacts in the following manner to reagents 
applied to it directly : | 
(a) It is insoluble in 10°/, sodium chloride and in 10°/, mag- 
nesium sulphate. (Digested for 3 days.) 
(b) It is insoluble in 5°/, hydrochloric acid. 
(c) It is insoluble in pepsin and hydrochloric acid. (Digested 
17 days.) (A. precipitate by. hydrochlorit acid of a solution of the 
thread substance in 2°/, potash was however partly digested in 17 
days.) 
(d) It gives Millon’s reaction. 
(e) It gives the xanthoproteic reaction. 
(f) It does not give the reaction of Adamkiewicz. 
A solution of the thread substance in 1°/, potash gave the —s 
reactions : 
- Acetic acid. Precipitate insoluble in excess. 
Hydrochloric acid. Precipitate insoluble in excess. 
Nitric acid. Precipitate with difficulty soluble in excess. 
Sodium chloride + Acetic acid. Addition of 4 vol. of saturated 
solution of sodium chloride does not prevent precipitation on subsequent 
addition of acetic acid, as is the case with the granule substance. The 


~ result with hydrochloric acid is the same. 


Presence of Phosphorus. Demonstrated by Halliburton’s method. 
Using equal weights of granule and thread substances the precipitate 
with the former was the greater. 

Bowling with dilute Sulphuric acid. No substance capable of re- 
ducing Fehling’s fluid could be obtained after periods e boiling 
varying from 4 to 20 hours. 

Hammarsten’s process for obtaining “ animal gum” was also gone 
through, but only a proteose-like body was obtained. 

The thread substance then appears to be nearly allied to the granule 
substance, but of more insoluble nature. It differs however in being 
insoluble in pepsin and hydrochloric acid and in not allowing its solution 
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to be made acid with acetic acid in the presence of sodium chloride 
without precipitation (cf. Foot-mucin of Helix). 

In conclusion I wish to express my sincere thanks to my colleague 
Mr F. J. Hambly, Demonstrator of Chemistry, to whom I entrusted 


the qualitative phosphorus analyses of the small amounts of the pure 


substances at my disposal at the time he undertook the task. © 


Dunver, 
‘Sept. 20, 1893. 
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THE INFLUENCE OF SECTION OF THE VAGUS 
NERVE ON ‘THE DISENGAGEMENT OF GASES IN 
THE AIR-BLADDER OF FISHES'. By CHRISTIAN 


BOHR, Professor of Physiology in the University of Copenhagen. 


AT the beginning of the present century Biot found that the gas 
contained in the air-bladder of fishes is very variable in composition, 
even in the case of members of the same species. Fish caught at great 
depths contained in their bladders far more oxygen on an average than 
fish caught near the surface; and it was specially striking that in the 
case of the former the proportion of oxygen was very frequently as high 
as even 80 per cent. 

These experiments were confirmed and extended by numerous later 
observers, particularly by Moreau, who shewed by a series of ingenious 
experiments that the variations in the amount of oxygen contained in 
the air-bladder stand in close relation to the hydrostatic function of the 
- organ. When, in his experiments, the fish were subjected to a high 
degree of pressure, a disturbance occurred in their natural movements, 
since they were no longer in equilibrium with the water, their size, and 
therefore their specific gravity, being altered by the compression. 
After a time, however, the disturbance disappeared and the fish 
regained their former size, a sufficient quantity of fresh gas having 
been formed in the air-bladder. Analysis of the gas shewed such a 
constant high percentage of oxygen that it was clear that the newly- 
formed gas must have consisted almost entirely of oxygen. 

The above-mentioned discovery of Biot thus became intelligible. 
As the fish move down from the surface the air-bladder is compressed 
by the increased water pressure, and consequently the body is reduced 
in size. In order to bring itself once more into equilibrium with the 
water the fish forms enough gas in its air-bladder to bring the latter 


1 Read before the Biological Section of the British Association for the Advancement of 
Seience, at the meeting at Nottingham, August 1893, __ 
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back to the original size. As the newly-formed gas consists practically 
of oxygen the high percentage of oxygen in the air-bladder of fishes 
taken from a considerable depth is explained. 

From Moreau’s experiments we also learn another and an easier 
way of inducing the formation of oxygen in the air-bladder without 
increasing the pressure. If the air-bladder of a fish be punctured and 
emptied of its gases, and the fish be then kept under normal conditions, 
it soon regains its former size, and the newly-formed gas, which takes 
the place of that lost, has a high percentage of oxygen. By this simple 
experiment we are able to produce in the air-bladder a gas containing 
80 °/, of oxygen.. As Moreau himself observes, this phenomenon cannot 
be accounted for by simple diffusion, for the water which surrounds the 
fish cannot have a higher oxygen tension than 21 °/, of the atmospheric 
pressure, which is the oxygen tension of the air with which the water is 
saturated. We must therefore ascribe to the cells of the walls of the air- 
bladder the power of secreting oxygen. The air-bladder must therefore 
be looked upon as a gland the secretions of which are gaseous. As the 
activity of other glands depends upon the nervous system the question 
arises whether the filling of the air-bladder with gas is not also 
influenced by the nerves. Moreau attempted to ascertain this by 
cutting the sympathetic or the vagus, and observing the effect on the 
amount of oxygen in the air-bladder. The section of the vagus pro- | 
duced no result; this nerve had therefore no tonus; a simple section, 
moreover, would naturally afford no information as to the influence of _ 
the nerve on the formation of gas. Section of the sympathetic 
appeared to increase the secretion of oxygen. These experiments of 
-Moreau’s are, however, the least satisfactory of the series: the effects 
produced were small, and the examination of the gases before and after 
the section of the nerve was entrusted to different individuals. | 

It therefore appeared to me desirable to examine the influence of 
the nerves on secretion by the air-bladder in connection with my 
experiments on the exchange of gases in the lungs. Although the 
conclusions reached in the case of the air-bladder cannot be directly 
applied to the lungs, it is still of great interest in relation to the 
physiology of the latter to study the conditions of the secretion of gases 
in the former. The experiments, too, can be much more easily con- 
ducted; for the importance of the air-bladder to the life of the animal 
is comparatively small, The functional disturbances purposely caused 
by the experiment produce no perceptible effect on the nutrition of the 
other tissues. Clear results as regards secretion of gas are thus far 
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easier to obtain than in the lungs, where every interference usually 
' induces far-reaching disturbance in the whole organism, and an alteration 
in function in other organs which may affect the results. 

The experiments were carried out in the Autumn of 1891, at the 
Danish Biological Station, the tanks of which were kindly put at my 
disposal by the Director, Dr Petersen. It is essential for these experi- 
ments that the fish should be kept in their normal condition, and this 
is generally impossible in an ordinary laboratory. All the experiments 
were done upon the cod (Gadus callarias), which has a large air-bladder 
with no air-passage. The specimens of gas were drawn from the 
air-bladder by means of a trocar and an air-tight syringe, and the gases 
analysed with the help of a small portable apparatus, essentially on 
Petersen’s principle. Later on I shall have the honour of exhibiting 
the apparatus, which proved to be very accurate and easy to work. The 
results are given in the table. 

I found firstly that the previous experiments were perfectly correct. 
Both by alteration of pressure and by puncture I obtained the same 
changes in the gas as have been described by Moreau. 

The following is an example of the change produced by alteration 
of pressure. Several fish of approximately the same size were caught 
in a bow-net at the depth of 14 meters (45 feet), and brought to the 
surface, where the gas of the air-bladder expanded so much that the 
fish swam about with their backs downwards, and were quite unable to 
resume their ordinary position. The gas from the air-bladder of one 
of these fishes was then analysed and found to contain 52°/, of oxygen. 
During the rest of the day (for six hours) the fish remained upon their 
backs; but by the next morning they had turned over into their 
natural position and their size had diminished materially. 

The gas of their air-bladders was now found to contain respectively 
10, 18, 11, 16, 12 and 13°/, of oxygen; those being about the per- 
centages always found in the case of cod which have been for some 
time near the surface of the water. The diminished pressure had thus 
had the effect of considerably diminishing the percentage of oxygen. _ 

In a large number of instances I have observed the increase in the 
percentage of oxygen after puncture of the air-bladder; after twelve 
hours a large increase of oxygen had invariably occurred. Examples 
are given in the table, numbers 1 to 18. I have never known this 
experiment to fail. | 

The time required for the production of these results is given in the 
table, numbers 14 to 20. From these examples it appears that the 
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action is not very marked in less than 6 hours. In one case (number 
14) 8 hours were insufficient, while in all examined cases 24 hours were 
enough. 

So far it remained uncertain a hethnes the gas secreted consisted 
entirely of oxygen, or merely of a mixture rich in oxygen, as the whole — 
of the air of the bladder was not evacuated when it was punctured. I 
endeavoured to settle the question in the following manner. The air 


from the bladder of a young cod (number 24 of the table) was drawn 
out under water with the syringe, and the bladder emptied as com- 


pletely as possible. Eight c.c. of gas, containing 15°/, of oxygen, were 
obtained. At the end of 48 hours the whole of the newly formed air 
was drawn off with the syringe. Seven and a half c.c. of gas had been 
formed, containing 79°/, of oxygen. After 24 hours the experiment 
was repeated, giving this time a result of seven c.c. and 84°/, of oxygen. 
Numbers 25 and 26 on the table represent analogous experiments. It 
appears therefore that the newly formed gas does not consist of pure 
oxygen, but of a mixture containing about 80°/, of oxygen. 

I shall now refer to my experiments on the influence of the 
nerves on the secretion of gases. I —— in the following 
manner :— 

In a number of fishes I severed the two intestinal branches of the 
vagus which supply offshoots to the air-bladder. This is easily accom- 
plished by means of a small opening made directly behind the gill-slit. 
Through this opening one sees the branchial, intestinal, and cardiac 
branches, and it is easy to divide the intestinal branch alone. One has 
only to be careful not to injure the sinus venosus, After the completion 
of the operation, which produces no abnormal symptoms in the animals, 
the gas is drawn off from the air-bladder. But, whereas in normal 
animals the puncture was invariably followed by increased secretion of 
oxygen, in those where the vagus had been cut the result was entirely 
different. In these there was, as a general rule, a slight decrease in the 
percentage of oxygen. Occasionally there was no change, but never an 
increase, and when the air-bladder had been completely emptied by the 
puncture it remained empty. After section of the vagus the secretion 
of gas into the air-bladder thus ceased entirely. To this rule there was 
no exception. Examples will be found in the Table, numbers 27 to 38. 
In order to obtain more absolute certainty, however, I in one case 
(number 6) varied the experiment. I performed the identical operation, 
omitting only to cut the branches of the rami intestinales. A large 
secretion of oxygen took place. In two more cases (numbers 22 and 

PH, XV. 33 
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23) after the operation I cut the two rami cardiaci instead of the 
rami intestinales. Here again a large secretion of oxygen followed. 
The same was the case when (number 21) I cut the nervi laterales, 
which run along the lateral lines. 

From the above experiments ‘it follows that the formation of 
gas in the air-bladder is a true secretion of a highly oxygen- | 
ated gaseous mixture; and that the secretion is so far under 
the control of the nervous system that it fails when the 
branches of the “— which supply the air-bladder are 
cut. 

I made no experiments upon the sympathetic « on account of the 
difficulty of getting at it caused by its position in the cod. As already 
mentioned Moreau found a slight increase in the percentage of oxygen 
in the air-bladder after this nerve had been cut. If this observation 
be correct it seems probable that excitation of the sympathetic would 
- produce a fall in the percentage of oxygen. Thus, the vagus would 
control the filling, and the sympathetic the emptying of the air- 
bladder. 

So far we have only considered the amount of oxygen. The 
percentage of carbonic acid was small in all the experiments, and in 
many cases carbonic acid was altogether absent. Moreover there was 
no clear indication that.any of the experiments affected the amount of 
carbonic acid. | 

In conclusion, allow me to draw your attention to a circumstance 
which is not without biological significance. When, by one means or 
other, the percentage of oxygen in the air-bladder has been raised, it 
remains constant so long as the environment of the fish is unaltered 
(number 13). The question presents itself why the percentage of 
oxygen is not reduced by a constant diffusion outwards. It would be 
natural to assume that such diffusion does take place, and that the loss 
is made good by an equally constant formation of oxygen in the 
air-bladder. This, however, is not the case; for when the formation of 
fresh oxygen is prevented by section of the vagus, the high percentage 
of oxygen may still be maintained over a long period (number 38). 
We are therefore led to conclude that no perceptible diffusion of oxygen 
takes place through the walls of the air-bladder ; and this is confirmed _ 
by experiments made on the air-bladder after removal from the fish. — 
So long as the air-bladder is fresh and in good preservation it is almost 
impermeable to oxygen, even when the difference in the tension at the 
two sides of the air-bladder rises to one atmosphere. Time does not 
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permit of my describing these experiments in detail. I hope shortly to 
refer to the subject in another place, as also to the question whether 
this hitherto neglected property of impermeability to the products of 
secretion possessed by the resting gland-wall is peculiar to the air- 
bladder, or also present in other tissues. : 


Table of percentage composition of the gases of the air-bladder. 


The first column contains the number of the experiment. The second 
gives the time in hours since the first puncture. The third and fourth give 
the percentages of oxygen and carbonic acid. 

Numbers 1 to 20 represent simple puncture of the air-bladder : numbers 
21 to 23 puncture of the air-bladder after various operations: numbers 
24 to 26 simple puncture, with entire withdrawal of the contained air: 
numbers 27 to 38 puncture of the air-bladder after section of the rami 


intestinales of the vagus: number 39 puncture in a fish taken from a depth 
of 14 meters. 


No. | Hours | | % OO, No. % Og | CO, No, | Hours | | % CO, 
0 | 186) 1:1 7 0 |143] 07 - O 1119] 06 
1. 9 | 440); 1°4 24 | 55:5 | O04 14, 8 | 150] 0-4 
$838 | 427; 10 24 | 67°77 | 06 
, 81 | 440; — 0 0 
8. 48 | 1°0 1b 0 | 163) O1 
0 | 878); 16 96 | 0-4 5 | 163] 02 
2, 17 | 611} 29 
93 | 648) 84 9 0 | 0 16. 0 | 150) O04 
48 | 61°44; 10 3 | 216 | 08 
3 0 | 152); 02 
70 | 558) O 10 0 | 147)! O04 17 0 |160/ 
48 | 45:1) 06 6 | 86:2] 2-4 
4. 0 | 145) 0-4 
49 | 747) O 11 0 | 144); 18 0 |} 121); 03 
48 | 18 6. | 368] 1:1 
0/158] 028 | 
47 5 | 02 12 0 12°4 | 19 0 | 133); O-4 
31 | OF |} 8001 
0 |197 O1 
6. 23 | 686); 172 0 |181); O8 0 | 06 
47 | 654) 06 18 23 | 516); 20. 8 | 166); 1:1 
167 | 60°83 | 0° 8 | 189] 1°4 
201 | O08 
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Bo Bo 
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Bo Be 


Sto Bo 


Og | Remarks No. | Hours; | %j CO, 
11°2| O-7 | Nervi laterales 0 14°5 0:3 
58°7 | O83 | cutacross 31 17 12°7 16 
13°65 | 03 | Nervi cardiaci 69 empty 
40°6 | 20 | cut across 
aff 
113; 0-1 82. 14 
Nervi cardiaci 
42°55} 11 47 empty 
0 12°6 | 0-1 
150; — 8 ¢.c. gas in air-bladder | 33. 20 10°3 0°7 
785; 10 | ,, 44 empty 
83°7 | 06 | 7 «ee. 
0 | 162 1°7 
150 | — | 6c.c. gas in air-bladder 34. 52 11°3 11 
08 | 5ec. 6 72 empty 
727 | 10 | 
35 0 13°8 2°0 
15°0 | — | 6¢.c. gas in air-bladder 80 0 
80°1 |} 13 
4 153 0:3 
128 | 03 36. 20 17°1 
empty 46 11°7 09 
10°8 | 0:2 37 0 86 | O1 
91; 0 18 empty . 
em 
oy 0 54°6 1°8 
29% | 02 38. 22 §3°2 0°4 
80°33 | 2°8 56 46°8 
91; 39. O 51°9 1°7 
“empty 
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A STUDY OF THE PRIMARY PRODUCTS RESULTING 
FROM THE ACTION OF SUPERHEATED WATER 
ON COAGULATED EGG-ALBUMIN. By R. H. CHIT- 
TENDEN, anp FRANK 8S. MEARA, Ph.D. 


(Contributions from the Shafi Yale 
University.) 


It is a generally accepted view that the soluble ferments or enzymes, 
especially those which play such an important part in the digestive 
processes of the alimentary tract, act by bringing about a union of 
water with the substances undergoing digestion, accompanied by a 
cleavage of the molecule, so that the resultant products are in one sense 
hydration products. In support of this latter view it has been the 
custom to refer to frequently repeated experiments on the action of 
_ boiling dilute acids, or water alone, on the various proteids, all of which — 
have tended to show in a general way that the products so formed are 
either closely related to, or identical with, the products resulting from 
the action of proteolytic ferments. This has obviously strengthened 
belief in the hydrolytic character of the proteolytic changes brought 
about by the digestive enzymes. It is unquestionably true that many 
proteids, at least, when heated or boiled for some time with dilute acids, 
yield products not only identical in reactions with the bodies resulting 
from the action of proteolytic enzymes, but also more or less identical in 
composition. In support of this statement may be mentioned the results 
of Schutzenberger’s experiments on the cleavage of egg-albumin by 
boiling dilute sulphuric acid with formation of his hemiprotein' and 
hemi-albumin. Also Kiihne’s and Chittenden’s* many experiments 
on egg-albumin and blood-fibrin by which antialbumid, hemialbumose 


1 Ports Tome xxm, p. 61. 
2 Zeitschrift fiir Biologie, Ba. x1x. p. 159. 
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and hemipeptone were ‘formed by boiling dilute acid, and later results 
with elastin’ and casein? by which elastoses and caseoses as well as casein- 
peptone were formed by the action of acid water at 100°C., having 
reactions and composition very closely akin to like products formed by 
the digestive action of pepsin-hydrochloric acid and trypsin. Ex- 
periments of this character have been many times repeated by various 
observers, the results all tending to show in a general way a similarity 
— between the products formed by boiling dilute acids and those produced 
by the digestive enzymes. — 

Further, by simply heating proteids with water alone, under 
pressure, like products appear to be formed. Thus Krukenberg® on 
heating blood-fibrin with water for thirty hours at 160°—170°C. 
obtained a weak alkaline solution which yielded on neutralization a 
heavy precipitate. This substance on being boiled with a 5 per cent. 
solution of sodium chloride yielded an antialbumid-like body and a 
body corresponding to hemialbumose, together with some peptone. 
From these results, Krukenberg concluded that water, like sulphuric 
acid and the digestive enzymes, brings about a cleavage of the albumin 
molecule into the anti- and hemi-groups; the former appearing as 
- antialbumid, the latter as hemialbumose, hemipeptone, leucin and 
tyrosin. Similarly, Clermont‘ heating meat in a glass tube with 
water at 180°C. obtained a solution from which a heavy precipitate 
resulted on addition of nitric acid, which he described as syntonin. 
_ More recently Crismer® has studied the peptonization of fibrin by the 
action of water at 180°C. in closed tubes obtaining as products peptone, 
leucin and tyrosin. Other observers, among them Subaim® and 
Koukol-Yasnopolsky’ have obtained from proteids under like con- 
ditions leucin and tyrosin, so that one might be inclined, as Kru- 
kenberg did, to consider that the albumin molecule is split up in 
essentially the same manner by the digestive enzymes, boiling dilute 
acids, and by water at high temperatures. 

In many of these investigations on the action of water at high 
temperatures the observers have been content to merely examine the 


1 Chittenden and Hart. Studies Lab. Physiol. Chem. Yale University, Vol. 111. 
p. 87. 

2 Chittenden. Ibid. Vol. m1. p, 94—95 and p. 105. 

3 Sitzungsberichte der Jenaischen Gesellschaft fiir Medicin, etc. 1886, 

4 Comptes Rendus, 1887, Tome cv. p. 2022. 

5 Abstract in Jahresbericht fiir Thierchemie fiir 1891, p. 19. 

6 Hoppe-Seyler. Medicin. chem. Untersuch. 1871, p. 480. 

Pfliiger’s Archiv fiir Physiologie, Bd. x1. p. 85. 
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various products formed, and have failed to pay any attention to the 
composition of the isolated products, thus overlooking one possible point 
of difference between the primary bodies formed in the cleavage of a 
proteid by superheated water, and the bodies formed by boiling dilute © 
acid or by a proteolytic ferment. In this connection we need to 
consider Neumeister’s’ experiment on blood-fibrin. This investigator 
heated fibrin with water in a sealed tube for one hour at 160°C. in a 
Papin’s digester, the mixture being previously heated at a lower 
temperature for a short time. By this treatment the proteid was 
plainly acted upon, yielding a more or less turbid fluid of a grey-blue 
colour due to finely divided particles of sulphur held in suspension. 
An abundance of sulphuretted hydrogen was developed during the 
reaction. Further, the solution became distinctly alkaline from the 
formation of ammonium sulphide. Examination of the fluid revealed 
the presence of traces of peptone together with a large amount of two 
bodies not precipitated by neutralization, or by boiling the neutralized 
fluid. 

On saturation of the neutralized fluid with scdioin chloride there 
_ resulted a heavy precipitate composed of a peculiar proteid body to 
which Neumeister gave the name of atmidalbumin. A complete 
separation of this body was obtained only on the addition of a small 
amount of hydrochloric acid to the salt-saturated solution. This, at 
the same time led to the precipitation of a small quantity of a second 
body termed by Neumeister atmidalbumose. From this filtrate, the 
latter substance was separated with a fair degree of purity by the 
further addition of acid. These two bodies were purified by solution in 
dilute ammonium hydroxide, the solutions carefully neutralized with 
hydrochloric acid and then dialyzed until the chloride was entirely 
removed. By concentration of the resultant fluids and precipitation 
with alcohol, the two proteids were obtained quite pure. The reactions 
of the two products were as follows; the atmidalbumin was readily 
soluble in water and precipitated in great part by saturation of the . 
solution with sodium chloride, but a small amount of acid was necessary 
for a complete separation of the proteid. It further gave the usual 
proteid reactions with the ordinary albumin precipitants. The one 
striking reaction, however, characteristic of this body was its behaviour 
towards nitric acid. A few drops of the dilute acid caused a precipitate 

1 “Ueber die nichste Einwirkung gespannter Wasserdimpfe auf Proteine und itiber 


- eine Gruppe eigenthiimlicher Eiweisskérper und Albumosen.” Zeitschrift fiir Biologie, 
Bd. xxvi. p. 57. 


- 
Va 
x 
ay 
he 
aa 
Ate 


504 R. H. CHITTENDEN AND F. 8S. MEARA. 


which did not clear on boiling but formed a coagulum instead. 
Addition of a little more acid, however, dissolved this precipitate, while 
still further addition of the acid caused a second precipitate which 
behaved towards heat like an ordinary albumose. In a greater excess 
of acid the second precipitate dissolved but again appeared on further 
addition of acid, still showing the albumose reaction when heated, until 
it was finally dissolved by a very large amount of acid. 

The atmidalbumose was even more soluble in water than stinid 
albumin. It was not precipitated by saturation with sodium chloride, 
but separated only on the addition of hydrochloric or acetic acid to the 
salt-saturated fluid. Towards the usual precipitants it behaved like a 
primary albumose. With nitric acid and heat it gave the ordinary 
albumose reaction, being first precipitated in the cold, then dissolving 
as the acid mixture was heated and reappearing as the fluid cooled. 

_ Neumeister further found that these two products were very 
resistant to the proteolytic action of pepsin and trypsin, and to the 
decomposing action of bacteria. When boiled with dilute — 
acid they were both transformed into deuteroalbumose. | 

It is thus evident that blood-fibrin by the action of seipettaated 
water is changed, in part at least, into albumose-like bodies which 
appear to differ in some minor respects from the common albumoses or 
hau formed by ordinary proteolytic ferments. | 

To our mind, however, the composition ascribed by Neumeister to 
these hydration products is more significant than the reactions. 


Blood-fibrin! | Atmidalbumin Atmidalbumose 
C 52°68 48°58 48°40 
H 6°83 7°62 7°55 
N 16°91 14°43 13°58 
1:10 0°39 0:37 
O 22°48 28-98 30°10 


From these data it is evident that Neumeister’s two atmid bodies 
differ markedly from ordinary proteoses in composition. The low 
content of carbon is such as is usually found only in peptone, but 
unlike the true peptones of animal origin hitherto analyzed these 
bodies show also a very low content of nitrogen. 


1 According to Hammarsten. : 
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_ While individual exceptions may be found, yet as a general rule it 
may be stated that the ordinary albumids, proteoses and peptone, 
formed by animal proteolytic ferments show a certain definite relation- 
ship in their content of carbon and nitrogen. Thus, the peptones 
formed from fibrin and myosin by the action of pepsin and trypsin, and 
the albumids formed from myosin and serum-albumin by pepsin and 

trypsin, respectively testify to the general accuracy of this statement. _ 


Ampho- Antialbumid® 


Anti e Myosin — Myosi 
from fibrin! antialbumid® 
C 48°75 47°30 49°26 57°48 54°51 
H 7°21 | 6°73 6°87 7°67 7:27 
N 16:26 16°83 16°62 13°94 14°31 
0°77 0:73 1°16 1°32 
O 27°01 28°41 26-09 19°59 


Thus in the results here tabulated, it is to be seen that when the 
carbon percentage is lowered the nitrogen content remains high. 
Further, when the percentage of nitrogen is lowered, the content of 
carbon remains up near that of the mother proteid, or is even raised in 
proportion to the diminution in nitrogen. 

Again, a study of the composition of the many proteoses analyzed 
during the last ten years shows, that in the case of the primary 
proteoses resulting from the action of animal proteolytic ferments, there 
is as a rule only a slight divergence in composition from the mother 
proteid, and even in the-case of the secondary or deuteroproteose the 
divergence is ordinarily not great. Certainly, there is no such re- 
markable falling off in nitrogen as is noticeable in Neumeister’s 
atmid bodies. Indeed, if anything, the percentage of nitrogen tends to 
increase as the carbon is diminished. Thus, in the albumoses formed 
from egg-albumin‘ by the proteolytic action of pepsin-hydrochloric acid 
_ the following results were obtained : . 


1 Kiihne and Chittenden. ‘Ueber die Peptone.” Zeitschrift fiir Biologie, Bd. 
xx. p. 483 and p. 488. 

2 Chittenden and Goodwin. “ Myosin-peptone.” This Journal, Vol. x11. p. 34. 
. § Kiihne and Chittenden. Zeitschrift fiir Biologie, Bd. xix. p. 178. 

4 Chittenden and Bolton. Studies from Lab. Physiol. Chem. Yale University, Vol. 
11. p. 153. 
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Proto- H Deutero- 
Albumin |. Dysalbumose | 

C 52°33 50°91 52°06 51°52 51°60 
H 6:98 6°89 6°95" 6°92 7:02 
N 15°85 15°94 15°55 15:79 15°98 
1°82 1-98 1°63 — 2°08 
O 23°02 24°28 23°81 — 23-32 


Again, in the proteoses formed from blood-fibrin by the action of 
pepsin-hydrochloric acid, and in those separated from Witte’s so-called 
peptone’ the same rule holds good; i.e., the percentage of nitrogen is — 
found equal to or even greater than that of the mother proteid ; 


Blood Proto- - Hetero- Deutero- 

fibrin? proteose proteose Dysprotecse proteose 

C 52°68 51°50 50°74 50°88 50°84 
H 6°83 6°80 6°72 6°85 
N 16°91 17°13 17°14 17-08 17:14 
1:10 0°94 1:16 1:23 1:07 
.. 22°48 23°63 24°24 23°92 24°10 


It is only in the proteoses and peptone formed by the action of the 
vegetable proteolytic ferment bromelin’ that the writer has found 
bodies with such a low content of nitrogen as is seen in Neumeister’s 
atmid bodies (excepting the above mentioned albumids). It therefore 
becomes an important point to ascertain whether there is any definite 
relationship in composition between the proteoses formed by water at 
high temperatures and those resulting from the action of vegetable 
proteolytic ferments. But first there is need of more definite knowledge 
concerning the composition of the albumoses or proteoses formed by the 
action of superheated water. For example, are the above results 
reported by Neumeister to be considered as strictly definite, or simply 
indicative of the general tendency of proteoses formed in this manner 
to contain both a smaller percentage of nitrogen and carbon than the 
mother proteid. Nitrogen is plainly given off in the form of ammonia 


1 Kiihne and Chittenden. 
p. 3%. 
According to Ham marsten. 
_% “On the Proteolytic Action of Bromelin.” This Journal, Vol. xv. p. 249. 


“Ueber Albumosen.” Zeitschrift fiir Biologie, Ba. xx. 
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from the proteid molecule by the action of superheated water, but 
Neumeister’s results leave us in doubt as to whether the resultant 
_ proteoses may not contain a variable amount of nitrogen, dependent on 
the length of time the proteid is exposed to the action of the super- 
heated water and the temperature at which the reaction is carried on. 
It was with a view to answering these questions and to the obtaining of 
more definite knowledge on several points connected with the formation 
of these proteoses that the present study was undertaken. 

_ As Neumeister’s work was carried out mainly with blood-fibrin 
we deemed it advisable to work with purified egg-albumin. This was 
prepared as follows after the method of Schiitz: To every 300 cc. of 
liquid egg-albumin 4°2 c.c. HCl of specific gravity 1'12 were added, and 
after vigorous shaking and some hours’ standing the precipitated 
globulin and membranes were filtered off and the clear filtrate 
precipitated by pouring it into a large volume of boiling water, slightly 
acidified with acetic acid. The finely divided coagulum was washed 
thoroughly with an abundance of boiling water, and then while still 
moist introduced into large glass tubes and sealed up with a small 
amount of distilled water. The tubes were then heated in a “ schiiss- 
kasten” at 130°—150° C. for varying periods of time. 


Preliminary Eaperiments. 


In one experiment, the coagulated albumin from a dozen fresh eggs 
was heated with a little water at 150° C. for two hours, and in a second 
similar experiment the same quantity of coagulated albumin was kept 
for one hour at 160°C., fully an hour being consumed in bringing the 
mixtures up to the desired temperature. Occasionally, a tube would 

blow out from the high pressure, but the majority were safely carried 
- through. On cooling, the contents of the tubes presented different 
appearances, being more or less disintegrated according to their relative 
position in the “schiisskasten.” When the tubes were opened a slight 
puff of escaping gas was heard and a strong odour of hydrogen sulphide 
and other somewhat disagreeable gases was detected. The albumin 
was evidently very thoroughly acted upon, a large amount having been 
dissolved, leaving only a shrivelled granular residue. The resultant 
solution was of a rich yellowish brown colour with a neutral or very 
faint alkaline reaction. | 3 
_ On adding a drop of 0:2 per cent. hydrochloric acid to a little of the 
fluid a flocky precipitate resulted which was increased by a few drops 
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more of acid, but disappeared on addition of a slight excess. The 
precipitate obtained on the first addition of acid was not soluble. on 
application of heat. The heating, however, did not render the pre- 
cipitate insoluble in an excess of the acid. 

Addition of a drop of strong nitric acid to the original fluid 
_ produced a precipitate, which dissolved in an excess of the acid with 
formation of a yellow coloured solution. Continued addition of the acid 
gave no further precipitate. 

A drop or two of very dilute nitric acid produced a precipitate which 
did not disappear on the application of heat, but gathered into little 
balls or flocks, or sometimes when more abundant into what appeared 
to be a genuine coagulum. Addition of a little more dilute acid caused 
this precipitate to dissolve, while continued addition of the acid led to 
the formation of a second precipitate, which unlike the first gave an 
_ albumose reaction towards heat, disappearing as the solution was 
warmed and returning as the fluid cooled. If still more acid was added 
to the cold mixture, the second precipitate finally dissolved after which 
no further precipitation could be effected by acid of any strength. 

This peculiar reaction with dilute nitric acid is evidently due to the 
presence of a body akin to Neumeister’s atmidalbumin, as formed 
from fibrin. | | 

Saturation of the practically neutral fluid with sodium chloride 
produced a light flocculent precipitate which increased to a heavy one 
on addition of a small amount of acetic acid. Addition of more acid 
produced a still further precipitation which was evidently composed in 
great part of the same substance as that precipitated by the salt alone, 
with which was mixed another body less readily precipitated by the 
acid. In fact, considerable amounts of acid were necessary to obtain 
the last portions of this body. Further, in the filtrate from this last 
precipitate, addition of ammonium sulphate to the neutralized fluid 
gave evidence of another albumose-like body, thus indicating that the 
superheated water had formed from the coagulated proteid several. 
bodies related to the albumoses resulting from ordinary proteolytic 
action. 

Sodium sarkieain added to the original solution of the atmid bodies 
produced a heavy turbidity. It was suspected that this might be 
calcium carbonate, but it was found that if this turbidity or precipitate 
was filtered off, excess of acid in the filtrate gave no sign of a turbidity ; 
hence it must be the atmid body.. The sodium carbonate precipitate 
disappeared on neutralization with HCl] and. reappeared on addition of 
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an excess of the acid. Towards heat, the two precipitates conducted 
themselves quite differently; that produced by the alkali not clearing 
up, while the acid precipitate disappeared on heating and reappeared on 
cooling. The order of events observed in the alternate treatment with 
acid and alkali was as follows: HCl caused a precipitate which dis- 
appeared on neutralization with sodium carbonate and reappeared in 
excess of the alkali; neutralization again cleared the solution and excess 
_ of the acid produced no change. If sodium carbonate was added first, a 
precipitate followed which vanished on neutralization and reappeared in 
excess of the HCl, but was less abundant; neutralization again cleared 
the fluid and the alkali gave a turbidity which once more disappeared 
on neutralization, the acid this time failing to effect any change. 

The sequence with final failure to respond to the reagents indicates 
a rapid change in the solubility of the body under the influence of the 
alkali. To prove that the alkali did produce such a change, the sodium 
carbonate precipitate was allowed to stand about an hour, at the end of 
which time neutralization, as before, effected a clearing; but excess of 
acid caused no further precipitate. The sodium carbonate precipitate 
was insoluble in excess of the alkaline fluid. : 

Separation of the atmid bodies :—In this preliminary experiment, the 
remaining portion of the fluid contents of the several tubes, together 
with the washings of the insoluble residue, were united and the 
albumoses collectively precipitated by saturation of the fluid with 
ammonium sulphate, the solution being first made slightly acid with 
acetic acid’, As the ammonium salt was added, a light fluffy pre- 
cipitate made its appearance which soon gathered into a layer on the 
surface of the fluid. As the saturation proceeded, the precipitate 
gradually increased in amount until finally, when the fluid was 
completely saturated with ammonium sulphate, quite a heavy curdy 
precipitate of albumoses was present. This was filtered off and on 
boiling the filtrate with a large excess of the ammonium salt no further 
precipitation occurred, although some proteid matter was shown to be 
present by the red colour obtained with dilute cupric sulphate and 
potassium hydroxide. Further, addition of a drop or two of hydro- 
chloric acid to the salt-saturated filtrate produced a turbidity 
disappearing on addition of an excess of acid. Evidently, the solution 
still contained sotme albumose or peptone unprecipitated by the 
ammonium sulphate. With a view to a possible further separation, the 


1 A very slight precipitate usually results from the addition of the acid. 
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fluid was gradually concentrated. As the heating continued, small 
gummy patches of albumose separated out and rose to the surface. 
This continued until a considerable degree of concentration had been 
reached, thus showing the persistent solubility of some of the albumose 
in the saturated ammonium sulphate solution. Finally, when the fluid 


was very concentrated and a large amount of ammonium sulphate had > 


crystallized out and been removed, no further separation of albumose 
could be obtained by heating the fluid, still the biuret test gave a 
pronounced red colour indicative of the presence of peptone. The bulk 
of the ammonium salt was removed from the solution by successive 
treatment with dilute alcohol and crystallization in the cold. On final 
evaporation of the filtrate to dryness a residue was obtained, un- 
mistakably containing peptone, as indicated by the bright red colour 
obtained with the biuret test. This fact may be taken as evidence of 
the profound character of the changes induced by the action of super- 
heated water, even though the exposure to such action be limited to 
one or two hours. 


The ammonium sulphate precipitate of albumoses was found to | 


consist of at least two distinct bodies, corresponding to the bodies 
described by Neumeister as atmidalbumin and atmidalbumose formed 


from fibrin, The separation was effected as follows; the precipitate 


with the adherent ammonium sulphate was treated with water in which 
the bulk of the albumoses dissolved. The fluid was again treated with 
ammonium sulphate; added to saturation, as a result of which the 
albumoses were reprecipitated in the form of a finely divided powder. 
The filtrate from this precipitate showed no further separation on being 
boiled with an excess of the salt in either an acid or alkaline fluid. 
The second ammonium sulphate precipitate was again treated with 
water, a small portion still remaining insoluble. Lest the residue 
might be due to the slight acidity of the solution, the mixture was 
carefully neutralized. This tended to clear the fluid somewhat, but the 
larger portion of the residue remained unchanged. In this condition 
the entire mixture was transferred to a parchment bag and subjected to 
dialysis in the presence of thymol for a week, at the end of which time 
only-a trace of SO, was obtained on testing with barium chloride. 

In the dialyser was found a clear fluid, but on the bottom and walls 
of the bag was a small sediment or residue of undissolved substance, 
the amount of which appeared less than before dialysing. It was no 
longer of a light fluffy nature but had assumed a granular form. The 
fluid was filtered, yielding a rich brown filtrate like the original solution 
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and perfectly clear. The undissolved portion was caught on the filter. 

This last, too small in amount for analysis, will be dismissed with a few 

remarks on its behaviour and a conjecture as to its nature. | 
The undissolved portion :—To test-paper the solution in the dialyser 


appeared neutral, but as will be seen by the following reactions it was — 


slightly alkaline, yet so near neutral as to be unable to hold the 
precipitate in solution. Warming the fluid caused the body in sus- 
pension to dissolve. On adding a drop of 0°5 per. cent. sodium 
carbonate to this warm solution the fluid remained unchanged, but a 
drop of 0:2 per cent. HCl threw down a cloud ; that is, there seemed to 
be sufficient alkalinity clinging to the precipitate to render it soluble 
when the fluid was heated. _ 

The precipitate was likewise soluble in 0°5 per cent. sodium 
carbonate in the cold and reprecipitated from the solution by neu- 
tralization with 0°2 per cent. HCl, in excess of which it dissolved. It 
was not as readily soluble in the acid as in the alkaline fluid. 

In dilute acids, as shown above, it is soluble, but becomes insvluble 
when the acidity is of moderate strength and again soluble in strong 
acids. A solution in acid hastened by heating does not become turbid 
again on cooling. 

_ Saturation of an acid or alkaline solution with sodium chloride 
causes a light fluffy —— insoluble in 10 per cent. sodium 
chloride solution. 

From these reactions it would appear that the body in question 
does not partake of the nature of a heteroalbumose. It would rather 


seem to be an alteration-product of one of the albumose-like bodies, 


either an acid- or alkali-albumin, originally precipitated as acid-albumin, 
and perhaps transformed into an alkali albuminate during the long 
period of dialysis by the alkalinity developed; its ready solubility in 
dilute acids and alkalies, its insolubility in water and its conduct 
towards different strengths of acid, together with its insolubility in salt 
solution and its behaviour towards heat point to this conclusion. __ 


The solution:—The clear filtrate from the dialyser, practically | 


neutral, was saturated with sodium chloride by which an abundant 
precipitate resulted of a light strmgy appearance, flying into a cloud on 


being agitated, and which gathered largely on the surface after 


standing. This precipitate was filtered off and dissolved in water, 
yielding a brownish coloured solution which was subjected to dialysis 
for a week or longer in the presence of thymol. 

To the clear filtrate from the sodium chloride precipitate, acetic acid 
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was added as long as any precipitate continued to appear, care being 
taken always to keep the solution saturated with sodium chloride. 
This precipitate was flocculent in character and somewhat less abundant 
than that produced by sodium chloride alone. The precipitate was 
filtered off, treated with water and the fluid carefully neutralized with 
0°5 per cent. sodium carbonate. The solution was of a clear yellow | 
colour, containing flakes of the body which remained insoluble. In this 
condition it was transferred to a parchment bag and dialysed for a week 
with addition of thymol. | 

The filtrate from the sodium chloride and acetic acid precipitate, 
containing the residue of bodies brought down by the first saturation 
with ammonium sulphate was also dialysed until the salt was removed, 
then treated with ammonium sulphate added to saturation. This 
precipitate was then dissolved in water and dialyzed until the 
ammonium salt was entirely removed. 

Reactions of the Sodium Chloride Precipitate:—After the week’s 
dialysis only a trace of chlorine was found on testing with silver nitrate 
in the presence of nitric acid. When the parchment bag was opened, 
the solution was found perfectly clear, thus showing the absence of any 
hetero-body. Even boiling and partially concentrating the solution, in 
this instance, afforded no coagulation of a hetero- or other like body, 
which might have continued in solution in the presence of a trace of 
sodium chloride.. Such a coagulation did occur later in the separation — 
of sodium chloride precipitates. 

When a drop of dilute nitric acid is added to this clear aqueous 
solution a heavy precipitate results which on heating gathers into a 
gummy mass leaving a slightly turbid solution. On cooling, the 
turbidity grows heavier. More acid clears up the turbidity, and the 
gummy mass passes into solution slowly, but at last completely. Still. 
more acid gives a second heavy precipitate which clears up on heating 
and comes down again on cooling. This second precipitate is dissolved 
completely only when a considerable amount of concentrated acid is 
added, the strong acid first making the precipitate take on a granular 
form. No further change is produced by continued addition of acid ; 
nor does heating and cooling afford any new phases. 

The solubility of the body in water is not changed by the action of 
the acid as was evidenced by neutralizing with sodium carbonate, when 
the acid precipitate dissolved. If, when concentrated acid is added 
until the precipitate assumes a granular form, heat be applied the 
solution clears up but does not again become turbid on cooling. 
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Hydrochloric acid acts upon the body in the same way as nitric acid, 
_ producing two consecutive precipitates, the first becoming gummy on 
heating, the second giving an albumose reaction towards heat, and finally 
dissolving in excess of the acid. When the first precipitate is allowed 
to stand it flocks and settles. If this is filtered off, acid produces no 
further change in the filtrate. From this it would seem that the two 
precipitates are modified forms of the same body. 

On the addition of a few drops of dilute acetic acid a sreiteltnte. is 
produced corresponding to the initial precipitate with HCl and HNO,, 
but the body thus thrown down does not dissolve as readily in excess of 
the acid as the precipitates obtained by the mineral acids. Further, 
the action of acetic acid is strikingly different from that of HCl and 
HNO, in that no second precipitate is produced by it when more is 
added A few drops of potassium ferrocyanide, however, cause a heavy 
precipitate from the acid solution. 

The precipitate obtained by acetic acid, when heated, hes into a 
gummy clot in the same manner as that first produced by the action of 
HCl and HNO,, the menstruum clearing up, but on cooling showing a 
heavier turbidity than was the case with the mineral acids. This 
turbidity clears up quite readily in excess of the acid, the gummy mass 
following more slowly but dissolving completely. The precipitate 
obtained from this acid solution by potassium ferrocyanide disappears 
on heating and reappears on cooling. Excess of acid alone will not ~ 
clear up this last precipitate, nor does excess of potassium ferrocyanide 
affect it. 

If the first acetic acid precipitate is filtered off and more of the acid 
added to the filtrate together with a few drops of potassium ferrocyanide 
no trace of a turbidity is observed. 

Alkalis of any strength fail to produce a precipitate. 

The addition of an equal volume of 20 per cent. sodium chloride 
solution gives no precipitate; the addition of an equal volume of 
saturated sodium chloride solution produces, at first, no change or only 
a very slight one, but on standing a few minutes in the cold a faint 
turbidity is seen. If, now, the fluid is heated a heavy precipitate is 
thrown down; and the same is true if heat be applied to it when the 
sodium chloride has just been added and the solution is still clear. 
This heavy turbidity clears up a little on boiling, but fails to deepen 
perceptibly on cooling. If to this turbid solution a drop of HNO, is 
added the precipitate grows heavier, and on application of heat becomes 
much clearer than before treatment with the acid. The precipitate 
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reappears on cooling. As the acid is added the precipitate becomes 
somewhat flocculent and during heating some of it gathers into a gummy 
mass. Hydrochloric and acetic acids produce the same changes as nitric 
acid in the presence of the salt. 

Saturation of the aqueous solution with sodium chloride causes a 
heavy precipitate, which on standing flocks and rises to the top. On 
treating the filtrate with acid, a faint turbidity results which disappears 
on addition of a large excess of acid. Towards heat it shows an — 
albumose reaction. | 

This failure of sodium chloride to reprecipitate all of the body 
_ obtained by it at the first treatment has been a common observation in 
the separation of protoalbumose, which this body in many of its re- 
actions most closely resembles. _ 

The substance is partially precipitated from an aqueous solution by 
saturation of the fluid with magnesium sulphate ; completely pre- 
cipitated by double saturation with magnesium sulphate and sodium 
sulphate. Saturation with ammonium sulphate likewise completely 
precipitates it. 

Copper sulphate, neutral and basic lead acetate and mercuric 
chloride, all give precipitates which are insoluble in excess, and gum or 
shrivel up on heating. 

Platinic chloride gives a similar precipitate. Picric acid and tannic 
acid both give heavy precipitates, which dissolve on heating and re- 
appear on cooling. They are both insoluble in excess of the reagents. 

Phosphotungstie acid produces a flocky precipitate insoluble in 
excess, which turns brownish on heating. 

Phosphomolybdic acid causes a precipitate, insoluble in excess, which 
gums on heating. 

Potassio-mercuric iodide renders no change in the solution. 

When Millon’s reagent is added to a solution, a heavy flocky 
- precipitate results which forms lumps on heating and becomes a deep 
reddish brown colour, the solution taking on a well-developed rose 
colour. 

With potassinm ‘hydroxide and dilute solution of cupric sulphate a 
colour, not strong but distinct, between the clear red of peptone and 
the bluish violet of albumin appears. 

Boiling the solution with potassium hydroxide and lead acetate to 
detect sulphur, causes only a faint browning of the solution. | 

There is one additional point that it is well to note in regard to the 
behaviour of this body. The first precipitate caused by dilute acid and 
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which has been said to gum on heating and to be. soluble in excess, can 
be reprecipitated from the acid solution by addition of 0°5 per cent. 
sodium carbonate. If this precipitate is then boiled, it gums as before; 
but in excess of the 0°5 per cent. sodium carbonate dissolves, being 
evidently not changed by the action of the acid into syntonin, since the 
heat-coagulum is soluble in dilute alkalis. 

‘ Reactions of the Sodium Chloride and Acetic Acid Precipitate :- ~~ 
Long-continued dialysis of this precipitate afforded a solution entirely 
free from chlorine and with a neutral reaction. Further, no precipitate 
either on the bottom of the dialyser or suspended in the fluid was to be 
seen. 

The fluid was concentrated somewhat, without the appearance of 
any heat-coagulum, and filtered to separate any extraneous matter. 

In this solution, as in that of the sodium chloride precipitate, very 
dilute nitric acid produces an initial turbidity soluble in a slight excess 
of acid which reappears on the addition of more acid. The initial 
turbidity clears up only slightly on heating, but on cooling it becomes 
much more pronounced than before the heating and less sensitive to 
an excess of the acid, requiring four or five times as much of the dilute 
HNO, to dissolve it. 

When this first precipitate is filtered off, a little more acid ecdeoe 
another turbidity which disappears on warming and returns on cooling. 
_ The appearance of this second separation may be due to a failure to 
remove all of the initial precipitate. _ 

One drop of stronger HNO, causes a precipitate at once, which 
increases on further addition of the acid and is soluble only in a large 
excess, developing a yellow colour in the cold. This precipitate gives 
the albumose reaction towards heat. __ 

If potassium hydroxide is added to the nitric acid solution of the 
second precipitate, the precipitate returns as the acidity diminishes, 
while an excess of the alkali clears up the solution and gives it a yellow 
colour. Even if the nitric acid solution is heated, after the precipitate 
has been dissolved in excess of acid, by which it takes on a yellow 
colour, potassium hydroxide causes the precipitate to reappear, and it 
then gives the albumose reaction, clearing up on heating and re- 
appearing on cooling. 

Towards hydrochloric acid the body behaves in the same manner as 
towards nitric acid, yielding two precipitates which comport them- 
selves towards heat and excess of acid as described for the latter 
reagent. 
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A few drops of very dilute acetic acid produce a turbidity, soluble 
only in a large excess of the dilute acid. Addition of stronger acid to 
this solution fails to yield a second precipitate. If the turbidity | 
produced by the dilute acid is subjected to heat it first deepens, then 
disappears in part and on cooling returns heavier than at first. Acetic 
- acid, then, differs from HNO, and HC\ in its action on the solution by 
producing no second precipitate. : 

If the solution is saturated while hot with ammonium sulphate a 
heavy precipitate follows, in the filtrate from which a drop of acid 
causes no turbidity. Saturation with sodium chloride or magnesium 
sulphate affords a fairly heavy precipitate ; sodium sulphate only a faint — 
one. If the filtrate from the sodium chloride precipitate is saturated 
with magnesium sulphate, the separation is nearly complete, ammonium 
sulphate causing only a faint turbidity in the filtrate. 

Of the salts cited above, ammonium sulphate alone produces com- 
plete separation ; sodio-magnesium sulphate, magnesium sulphate and 
sodium chloride being less efficacious in the order named. 

The metallic salts, copper sulphate, neutral and basic lead acetate 
and platinic chloride all precipitate the body and fail to dissolve it on 
addition of excess. Heat renders no appreciable change. __ 

Picric acid gives a precipitate insoluble in excess which clears on 
heating and returns on cooling. Tannic acid yields a flocky precipi- 
tate, insoluble in excess, which does not change on heating. Potassio- 
mercuric iodide and phosphotungstic acid render no appreciable change. 
Phosphomolybdic acid causes a heavy precipitate which is insoluble in 
excess and does not disappear on heating. The addition of Millon’s 
reagent is followed by a heavy flocky precipitate insoluble in excess. 
Heat develops in the precipitate a deep red and in the menstruum a rose 
colour. A good colour, violet rather than red, is obtained by cupric 
sulphate and potassium hydroxide. No sign of a tarneny' is seen when 
alkalis of any strength are added. 

No reaction for sulphur is obtained on builing with potassium 
hydroxide and lead acetate. | 

It is thus evident that so far as reactions show there is very little 
difference between the sodium chloride precipitate and the precipitate. 
produced by acetic acid. Both are apparently composed mainly of the 
same albumose; the acetic acid precipitate, however, contains in 
addition a certain amount of a more soluble albumose, precipitable from 
its solution completely only by saturation of the fluid with ammonium 
sulphate. 
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_ Reactions of the albumose contained in the filtrate from the sodium 

chloride and acetic acid precipitate:—The solution of the (NH,), SO, 
precipitate after dialyzing some ten days was found entirely free from 
salts. The fluid was perfectly clear and so was at once evaporated to a 
small bulk. As the concentration proceeded the fluid gradually took on 
a yellow colour, but no separation occurred. 

Dilute nitric acid gave no precipitate in the aqueous solution, nor 
did addition of stronger acid afford any change. Heating with the acid 
developed a yellow solution, which treated in the cold with ammonium 
hydroxide gave the xanthoprotein reaction. 

‘Hydrochloric acid of all strengths failed to a 
Heat, likewise, does not change the appearance of the solution. Like 
the mineral acids, acetic acid, dilute or strong, causes no separation. 
The solution remains equally clear when potassium ferrocyanide is 
added in the presence of acetic acid. aes 

Hence, the behaviour of this body towards acids is strikingly 
different from that of the two preceding precipitates. 

Saturation of the solution with ammonium sulphate causes a heavy 
precipitate, which gathers as a gummy mass at the surface on standing, 
and behaves like an albumose towards heat. Saturation with mag- 
nesium sulphate also produces a separation, which, however, is not 
complete, since ammonium sulphate gives a further turbidity when 
added to the filtrate. 

Copper sulphate fails to yield any turbidity in the aqueous solution 
of the body. Neutral lead acetate produces a slight turbidity which 
does not clear up on heating; basic lead acetate causes a heavy : 
turbidity which on heating gathers into flocks. Platinic chloride gives 
no turbidity whatever. 

Picric acid likewise causes no turbidity. Tannic acid induces a 
heavy precipitate which in part becomes flocculent on heating, the 
menstruum clearing up a little; on cooling, the menstruum becomes | 
more heavily clouded. The body thus thrown down is insoluble in 
excess of the precipitant. Potassio-mercuric iodide gives no precipitate. 

On addition of phosphotungstic acid, a heavy turbidity is produced 
which disappears on heating and reappears as the fluid cools; the 
precipitate is insoluble in excess of the reagent. Phosphomolybdic 
acid gives a heavy turbidity which clears on heating, with formation of 
a small coagulum, the solution again growing turbid on cooling; the 
precipitate is insoluble in excess of the reagent. 

Millon’s reagent gives a fairly heavy turbidity, which on heating 
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takes on a granular form, while the fluid becomes of a bright rose red 
colour. 
Cupric sulphate al potassium hydroxide produce a reddish violet 


colour. 


Sulphur could not be detected when tested for with potassium — 


hydroxide and lead acetate. 
When a small amount of 0°5 per cent. sodium carbounibn, or a single 
drop of strong soda or of caustic potash is added to an aqueous solution, 


a marked turbidity is produced, soluble ina large excess of the alkali. — 


If the mixture is boiled, the precipitate becomes flocculent. If these 
flocks are filtered off and rinsed with water into a test tube, they give a 
pink colour to the solution, when heated with Millon’s reagent. Nothing 
of the kind was observed in the case of the sodium chloride precipitate. 
The filtrate from the above precipitate gave a bright red colour with 
Millon’s reagent, thus showing that only a portion of the proteid was 
precipitated by the sodium carbonate. | 

It is thus evident from the foregoing preliminary tests that co- 
agulated egg-albumin subjected to the action of superheated water 
for one to two hours at 150°—160°C. yields as products of the 
transformation thus effected at least two distinct albumose-like bodies, 
together with some true peptone and, as will be shown later, a small 
amount of leucin and tyrosin. The chief products, however, as in 
Neumeister’s experiments with blood-fibrin, are the two albumose- 
like bodies corresponding in reactions to Neumeister’s atmidalbumin 
and atmidalbumose. 

While the reactions of these two albumoses are somewhat peculiar, 
yet they in themselves give no evidence of any marked peculiarity 
sufficiently great to warrant the idea that the bodies are distinctly 
- unique, unless it may be the peculiar behaviour of the albumose 
precipitable by salt towards dilute nitric acid. A single determination 
of nitrogen, however, in the purified sodium chloride precipitate at once 


gave a partial confirmation, at least, of Neumeister’s results with his 


atmidalbumin from fibrin. Egg-albumin, it will be remembered, con- 
tains 15°85 per cent. of nitrogen. Protoalbumose, as furmed by the 
action of pepsin-hydrochloric acid, contains 15°94 per cent. of nitrogen. 
The sodium chloride precipitate above described and which corresponds 


in a measure to normal protoalbumose we found to contain only 1448 


per cent. of nitrogen, or making an allowance for 3°23 per cent. of ash, 
14°96 per cent. of nitrogen; i.e. one per cent. less than is present in the 
corresponding body formed by the action of pepsin-hydrochloric acid. 
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It is thus probable that the albumoses formed from coagulated egg- 
albumin by the action of superheated water, like those formed from 
blood-fibrin under similar conditions, are peculiar bodies, unlike those 
formed by the proteolytic enzymes, especially in composition. 

This point being determined our next effort was directed to ob- 
taining more definite knowledge on this subject, and likewise to 
ascertain whether the albumoses formed by superheated water are at all 
constant in composition, or whether their composition varies with the 
intensity and duration of the reaction by which they are produced. 
With this end in view two distinct series of atmid bodies were prepared 
by the action of superheated water under somewhat different conditions. 
The details of methods, etc., together with the results are contained in 
_ the following description. 


SERIES A 


Coagulated egg-albumin prepared as already described was intro- 


duced into suitable glass tubes, made of large-sized combustion tubing, 
and sufficient distilled water added to fill up the spaces between the 
small particles. The tubes carefully closed by fusion were placed in a 
“schiisskasten” and gradually heated until the temperature reached 
135°—140° C., where it was kept fairly constant for three hours, At the 
end of this time the albumin was thoroughly disintegrated and the 


greater portion dissolved. On opening the tubes, a very strong odour of 


hydrogen sulphide was observed, while the fluid had a marked yellow 
colour and gave a strong reaction for albumoses. The reaction of the 
filtered fluid was faintly alkaline, but no permanent neutralization 
precipitate was obtained, although as the dilute acid was added to 
effect neutralization a precipitate formed around each drop, disappearing 
as the mixture was agitated. 

In this case, the clear neutral fluid was saturated directly with 
sodium chloride yielding a heavy flocculent precipitate. This was 
filtered off, washed with saturated salt solution, dissolved in water and 
dialyzed in running water until the chloride was entirely removed. 
The fluid was found wholly free from any insoluble body and con- 


sequently was at once concentrated on a water-bath. As the solution 


became heated, it grew quite turbid and eventually a precipitate settled 
out in considerable quantity. As the concentration of the fluid pro- 
ceeded small gummy patches kept gathering on the surface of the fluid 
similar to what was noticed by the writer in concentrating aqueous 
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solutions of protoelastose’. These were filtered off from time to time, 


and on being tested gave the following reactions: 

The heat-precipitate:—It is insoluble, or only slowly soluble in 
05 per cent. sodium carbonate in the cold, but dissolves on the 
application of heat. From this solution it is reprecipitated on 
neutralization, and is then readily soluble in cold alkali carbonate. 
Towards 0°2 per cent. hydrochloric acid it behaves in a similar manner, 
being at first only slowly soluble in the cold acid, but readily dissolving 
as the mixture is warmed. From this solution it is reprecipitated by 
neutralization with dilute sodium carbonate (0°5 per cent.) in excess of 
which it quickly dissolves. From this alkaline solution it can be again 
precipitated by neutralization and is then readily soluble in a slight 
excess of cold 0°2 per cent. hydrochloric acid, and reprecipitated on the 
addition of stronger acid. If the above neutralization precipitates are 
heated, they gather into flocks, insoluble in cold 0°2 per cent HCl, but 
readily soluble in the acid on application of heat, the solution then 
behaving as before. 

When allowed to stand for some time in contnnk with 0°2 per cent. 
hydrochloric acid in the cold, the original heat-precipitate gradually 
dissolves, and from this solution it is reprecipitated by addition of 
stronger hydrochloric acid, the precipitate showing the ordinary albu- 
mose reaction towards heat. 

As already stated, if a slight excess of dilute (0°2 per cent.) hydro- 
chloric acid is added to a nearly neutralized sodium carbonate solution 
of this heat-precipitate, a precipitate falls, which dissolves in excess of 
the dilute acid and reappears when stronger acid is added. The first 
precipitate, however, only partially dissolves when the fluid is heated, a 
small portion becoming gummy. The soluble portion reappears as the 
fluid cools, being then very slowly soluble in excess of acid. The second 
precipitate on the other hand, ie. that produced by the stronger acid, 
disappears completely when the mixture is heated and returns as the 
fluid cools. 

The body is slowly soluble in ania and in 10 per cent. salt solution, 
and is either a slight alteration product of the albumose which composes 
the great bulk, if not all, of the sodium chloride precipitate, or is 
possibly nothing more than a separation of the original body, owing to 
the concentration of the fluid. 


1 Chittenden wih Hart. ‘‘Elastin and the elastose bodies,” Studies in ~— 
Chem., Yale Vol. m1. p. 19. 
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The amount of this heat-precipitate was comparatively small, not 


enough to admit of separate analysis. 


Purified NaCl Precipitate ; Atmid-protoalbumose. 


The concentrated solution, freed so far as practicable from the above : 
described heat-precipitate, was treated while still hot with warm 
absolute alcohol. There resulted a heavy flocculent precipitate of the 
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albumose, which later assumed a granular form. This was filtered off, 
washed, and extracted repeatedly with hot 95 per cent. and absolute 
alcohol and finally with ether. It was then dried at 110°C. until of | 
constant weight and analyzed with the following results : 


Analysis of NaCl Precipitate, (A). 
03178 gram substance gave 0°1830 gram H,O=6-40 per cent. H 
and 0°6000 gram CO, = 51°48 per cent. ©. 
0°2803 gram substance gave 0°1630 gram H,O= 6°46 per cent. H 
and 0°5297 gram CO, = 51°53 per cent. C. 


0°4108 gram snbstance gave 50°1 c.c. at 12°4°C. and 761°8 mm. 


pressure = 14°69 per cent, N. 

0°4454 gram substance gave 53°9 c.c. N at aT C. and 764-1 mm. 
pressure = 14°60 per cent. N. 

0°4300 gram substance gave 0°0131 gram ash = 3-04 per cent. 
05178 gram substance gave by fusion with NaOH + KNO, 0:0595 
gram BaSO, = 1°58 per cent. 8; after deducting sulphur of ash = 
1°35 per cent. 

Ash from 0°4300 gram substance gave 0:0072 gram BaSO, = 0:229 
per cent, 8. 


Percentage composition of Ash-free Substance. 


5308 5312 — 
663 


The dried substance was very slowly soluble in cold water, the fluid 
having a decidedly turbid appearance. Application of heat, however, 
hastened the solution and rendered the fluid clear. The solution 
behaved towards nitric acid exactly as the sodium chloride precipitate 
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described in the preliminary experiment, yielding the two precipitates, 
the first of which was not soluble on application of heat, while the 
second gave the typical albumose reaction. The reactions throughout 
were identical with those already described. 


NaCl and CH,—COOH Precipitate; Mixed Albumoses. 


The salt-saturated filtrate from the original NaCl precipitate was 
treated with acetic’ acid as long as any precipitate formed. A heavy 
flocculent precipitate resulted which was finally filtered off, washed with 
a little saturated salt solution and allowed to thoroughly drain. It was 
then treated with water in which it slowly dissolved*, the fluid made 
exactly neutral with dilute sodium carbonate and then dialyzed in 
running water until the chloride was entirely removed. The fluid was 
then perfectly clear and was at once concentrated to a thin syrup on 
the water-bath, after which the proteid present was precipitated by 
absolute alcohol. The precipitate was not gummy, but was at first 
flocculent, soon however changing to a granular form. It was repeatedly 
extracted with hot alcohol and lastly with ether, after which it was 
eventually dried at 110°C. until of constant weight. On analysis the 
following results were obtained : 


Analysis of NaCl + CH,-COOH Precipitate, (A). 


I, 0°3862 gram substance gave 0:2321 gram H,O = 6°68 per cent. H 
and 0:7219 gram CO, = 50°97 per cent. C. 
II. 04382 gram substance gave 0°2599 gram H,O = 6°59 per cent. H 
and 0°8162 gram CO, = 50°79 per cent. C. 
III. 0°4254 gram substance guve 51°3 c.c. N at 13°1°C, and 765°48 mm. 
pressure = 14°56 per cent. N. 
IV. .0°2260 gram substance gave 28c.c. N at 14°C. and 764°3 mm. 
; pressure = 14°88 per cent. N. | 
V. 0:3226 gram substance gave 0°0104 gram ash = 3: 22 per cent. 
VI. 05222 gram substance gave by fusion with NaOH + KNO, 0:0584 
gram BaSO,= 1°53 per cent. 8; after deducting sulphur of ash = 
1:36 per cent. 
VII. Ash from 0°3226 gram substance gave 0°0039 gram — = 0°166 
cent. 8, 


1 The acid being saturated with salt. 
can be hastened by gentle hat, with plenty of water 
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Percentage composition of Ash-free Substance. 


690 681 — 6-86 


Atmid-deuteroalbwmose. 
The salt-saturated filtrate from the above described acetic acid 


precipitate still contained considerable proteid matter giving albumose 
reactions, and precipitable by ammonium sulphate in substance. The 


fluid was therefore dialyzed until the salt was entirely removed, after 
which it was filtered from a slight sediment of thymol and concentrated 
to a small volume on the water-bath. From the clear concentrated 


fluid so obtained the proteose was precipitated by absolute alcohol. 
Unlike the preceding precipitates, this was more gummy in its nature 
and especially when warmed it soon became converted into a solid mass 
of gum like a genuine deuteroalbumose formed by gastric digestion. 
This gummy mass was broken up under absolute alcohol and thoroughly 
extracted with alcohol and ether. There was not enough of the purified 
substance for a complete analysis. The albumose was exceedingly — 
soluble in water, yielding a clear yellow coloured solution. It was — 
wholly free from peptone, the latter having been entirely removed by 
dialysis. 
Nitric acid produced no turbidity in the aqueous solution; nitric 
acid and ammonia, however, gave a strong xanthoprotein reaction. 
Saturation of the aqueous solution with sodium chloride gave no 
precipitate whatever, but addition of acetic acid to the salt-saturated 
fluid was followed by a partial precipitation of the body. Separation by 
this method, however, was not complete, since ammonium sulphate 
added to the filtrate gave a second precipitate, apparently the remainder 
of the substance. The sodium chloride and acetic acid precipitate 
dissolved more or less completely on application of heat, reappearing as 
the fluid cooled. 
An aqueous solution of the substance was not precipitated by acetic 
acid and potassium ferrocyanide, neither by cupric sulphate, platinic 
chloride, neutral or basic lead acetate. Phosphomolybdic acid, picric 
acid and tannie acid, however, gave heavy precipitates which dis- 
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appeared more or less completely on the application of heat, but 
reappeared as the solutions grew cold. 

Phosphotungstic acid produced a heavy precipitate which dis- 
appeared in part when the fluid was heated, with formation of a small 
coagulum. The clear solution grew turbid again as the mixture 
became cold. 

Millon’s reagent ooiead a heavy provipitate, which turned deep 
red when heated. 

Cupric sulphate and potassium hydroxide produced a dows: violet 
colour. 

No distinct reaction for sulphur could be obtained on boiling the 
solution with potassium hydroxide and lead acetate. 

These reactions are substantially confirmatory of those obtained 
with this body in the preliminary experiment. 


Series B. 


In this series of preparations, the albumin was subjected to the 
action of superheated water for eight hours, with a view to ascertaining 
whether this longer exposure would produce any material change in the 
character, and especially in the composition of the resultant atmid 
bodies. Fourteen tubes filled with coagulated egg-albumin, equivalent 
to the whites of two dozen of eggs, prepared as before, were heated at 
about 130°C. for the above length of time. At the expiration of the 
eight hours, the contents of the tubes were largely disintegrated and 
dissolved, affording a rich brown solution holding in suspension some 
very finely divided matter, with a closely adhering, shrivelled residue 
running the length of the tubes. The same penetrating and sickening 
odour accompanied the escape of gases on opening the tubes as has been 
already referred to. These gases almost invariably gave rise to headache 
and feelings of discomfort when working over the fresh solutions. The 
reaction of the fluid was, as usual, neutral or faintly alkaline. Sulphur 
could not be detected in the filtered solution when tested for with 
potassium hydroxide and lead acetate. 

The filtered and perfectly neutral solution was saturated as before 
with sodium chloride and the albumose so separated filtered off and 
washed with saturated salt solution. It was then dissolved in water 
and dialyzed until entirely free from salt. The resultant, perfectly 
clear, fluid was then concentrated on the water-bath with separation of 
more or less gummy matter as previously described. The suitably 
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concentrated fluid, freed from the heat-precipitate, was then treated — 
with absolute alcohol. The precipitate was repeatedly washed with hot 
alcohol and finally with ether and dried at 110°C. 

The reactions of this body were identical with those of the 
- corresponding body of the preceding series, except that it appeared 
somewhat more easily soluble in water. 7 
On analysis, the following results were obtained : 


Analysis of NaCl Precipitate, (B). 
I. 0°3149 gram substance gave 0-1873 gram H,O = 6-60 per cent. H 
and 0°6054 gram CO, = 52°42 per cent. C. 
II. 0°2111 gram substance gave 0°4065 gram CO, = 52°51 per cent. C. 
III, 04018 gram substance gave c.c. N at 12°8°C. and 760°15 mm. 
pressure = 13°53 per cent. N. 
IV. 0°3675 gram substance gave 41°5 c.c. N at 13°5°C. and 766-9 mm. 
pressure = 13°64 per cent. N. 
V. 0-4213 gram substance gave 0°0203 gram ash = 4°82 per cent. 
VI. 0°5693 gram substance gave by fusion with NaOH + KNO, 0-0832 
gram BaSO, = 2-02 per cent. 8; after deducting sulphur of ash = — 


1-66 per cent. . 
VII. Ash from 0°4213 gram substance gave 0°0110 gram BaSO, = 0°36 
per cant 8. 
Percentage of Ash-free Substance 
Average 
C 55°09 17 — — — 5513 
H 6:93 — 6°93 
N 14:23 1433 — 14-28 
100-00 


NaCl and CH,—COOH Precipitate ; Mixed Albumoses. 
The salt-saturated filtrate from the NaCl precipitate was treated — 
with acetic acid, as long as a precipitate formed. This was filtered 
off, washed with saturated salt solution, and then dissolved in water. 
The clear solution was carefully neutralized and dialyzed until the salt 
was completely removed, after which the fluid was concentrated and the 
albumoses separated by alcohol, washed and dried. The reactions were 
the same as those of the corresponding precipitate of the previous 
series. The composition is shown by the following results obtained on 
analysis of the product dried at 110°C. 
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Analysis of NaCl +CH,—COOH Precipitate, (B). 
I. 0:3096 gram substance gave 0:1759 gram H,0 = — per cent, H 
and 0°5721 gram CO,= 50°39 per cent. C. 
II. 0°2811 gram substance gave 30°7 c.c. N at 138°C. and 754°5 mm. 
pressure = 12°96 per cent. N. 
IIT. 02932 gram substance gave 0°0248 gram ash = 8°45 per cent. 


Percentage composition of Ash-free Substance. 
— 5504 


H — 6°89 
14°17 
Atmid-deuteroalbumose. 


The filtrate from the sodium chloride and acetic waa precipitate 
containing the remainder of the deuteroalbumose together with some 
peptone, was neutralized and dialyzed until the salts were entirely 
removed. The fluid was then concentrated to a small volume and the 
albumose precipitated by absolute alcohol. The precipitate was entirely 
free from peptone, as was evidenced by taking a small portion of the — 
albumose precipitate, dissolving it in water and saturating the solution 
with ammonium sulphate. The filtrate properly treated failed to give 
any biuret reaction. Peptone was formed in this experiment, as in the 
two preceding ones, but the small amount present was entirely removed 
by the long continued dialysis. 

The albumose precipitate was thoroughly washed with hot alcohol 
and lastly with ether, after which it was dried at 110°C.. The reactions 
of the body were identical with those already described as characteristic 
of this substance, so they need not be repeated here. 

Apparently this body is not formed in as large quantity as the 
atmid-protoalbumose, at least under the conditions of our experiment, 
and as the body is seemingly more diffusible than the proto-body, the 
loss attending purification ete. is considerable, hence the yield of pure 
product was not large. In order to obtain a complete analysis of the 
body it became necessary therefore to unite the products from the two 
series of experiments. 


Analysis of (A and B). 
I. 0°4234 gram substance gave 0:2219 gram H,O = 5°82 per cent. H 
and 0°7131 gram CO, = 45:93 per cent. C. 
II. 0°3867 gram substance gave 0°2024 gram H,0 = irc cage H 
and 0°6487 gram OO, = 45°74 per cent. C. 
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III. 0:4476 gram substance gave 43°5 c.c. N at 14° C. and 763-73 mm. 
: pressure = 11°67 per cent. N. 
IV. 04383 gram substance gave 42°6 c.c. N at 14° C. and ee mm. 
pressure = 11°69 per cent, N. 
V. 03617 gram substance gave 00428 gram ash = 11°83 per cent. 
VI. 0°5259 gram substance gave by fusion with NaOH + KNO, 00767 
gram BaSO, = 2 per cent. 8; after —T sulphur of ash = 0-98 


per‘cent. 
VII. Ash from 0°3617 gram substance gave 0°0270 gram BaSO, = 102 
per cent. 8. 
Percentage composition of Ash-free Substance. 

Average 
C 5209 51:88 — 51-99 
H 6°60 660 — —, 6°60 
— 13°26 13°24 13°25 

100-00 


Peptone, Leucin and Tyrosin, 


_ The conditions of the experiments already outlined eliminate the 
possibility of any error arising from the nature of the agent employed in | 
bringing about the changes described, as might be the case with pepsin 
and trypsin. Starting with a fairly pure product, coagulated egg- 
albumin, in contact with water alone and influenced by no condition but 
that of temperature, it is evident that the way is cleared for an easy 
recognition of any bodies having specific reactions, or which assume 
definite crystalline forms. Peptone, leucin and tyrosin are such bodies 
and their presence was detected in each experiment by appropriate 
tests. Leucin and tyrosin were identified in the several alcoholic 
extracts by their crystalline form, and tyrosin by its peculiar reactions 
with Hoffmann’s and Piria’s tests. Obviously, the amount of these 
two crystelline bodies was small, as was also the amount of peptone. 
The latter, however, was unmistakably detected by cupric sulphate and 
potassium hydroxide in the filtrate from the ammonium sulphate precipi- 
tate of the albumoses; the bright red colour obtained giving conclusive 
evidence of the presence of a small quantity of true peptone. 
Here then are three bodies, typical end-products of the digestion of . 
egg-albumin by the pancreatic proteolytic ferment, formed simply by 
the action of superheated water at about 130°C. Whether the — 


an 
Wg 
wal 
q 
@ 
Fy. 
ay 
4 


528 R. H. CHITTENDEN AND F. S. MEARA. 


is derived from the hemi-group, the presence of which is attested by the. 
leucin and tyrosin, or from both hemi- and anti-groups cannot be settled — 
here, although the former view is favoured. 

| While only small amounts or traces of these three bodies were 
obtained, the intermediary bodies from which they resulted were sepa- 
rated in considerable quantities. It is not to be expected, however, 
that in such transformations as have been described, the end-products 
formed should show exact agreement, either in quality or quantity, with 
those originating from the changes incidental to either gastric or 
pancreatic digestion. Dilute sulphuric acid, for example, in producing 
_ proteoses and other final products of its protevlytic action discriminates 
at once against the anti-group, and superheated water may well be 
expected to show peculiarities characteristic of its own action. 


Discussion of the Results. 


So far as we are acquainted with the formation of proteoses the | 
process always appears to be attended by one or more cleavages of the 
proteid molecule which in some cases take place at an early stage, in 
others near the completion; as an instance of the first may be cited the 
simultaneous appearance of proto- and hetero-proteoses; of the latter, _ 
the splitting off of the hemi- from the anti-group with the formation of 
leucin and tyrosin. The formation of so-called parapeptone and anti- 
albumid attendant upon a gastric digestion suggests still further a 
splitting off from the mother substance or some of its near derivatives. 

As regards the nature of the process involved in the appearance of 
proteoses from the action of water, there is a difference of opinion. 
Krukenberg, as has been shown, saw in the reactions of the body 
he obtained evidence of cleavage into the anti- and hemi-groups. 
Neumeister, on the other hand, considered his atmidalbumin and 
atmidalbumose as uncleaved hydration products and reconciled Kru- 
kenberg’s data with his own by supposing that the former had 
confounded atmidalbumin with antialbumid owing to a close similarity 
of reactions, 

A careful consideration of the observations set forth in the preceding 
pages has led to the conviction that the process is one in which 
cleavage takes a prominent part, and it is believed that the NaCl 
precipitate which corresponds to Neumeister’s atmidalbumin is de- 
rived from the anti- portion of the mother substance. The behaviour of 
this body is strikingly like antialbumid which has been subjected to the 
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- influence of a weak alkali, both in its conduct towards neutral salts, and 
in some respects towards acids, although there is a marked difference in 
solubility. Acids, however, as Neumeister rightly claims, produce 
a modification in the atmid body that cannot be obtained from anti- 
albumid, namely, the second precipitate giving an albumose reaction ; 
the first precipitate produced by dilute acid and its failure to disappear 
on heating being characteristics of a true antialbumid. 

- Neumeister’s atmidalbumose differs from his atmidalbumin merely 
in that acid does not form from it an initial turbidity which clots on 
heating, the only precipitate formed being that of a true albumose. As 
the method of separation implies, the latter body is not thrown down 
by saturation with sodium chloride. : 

A glance at the analyses of Neumeister’s two bodies formed from 
fibrin, which, unfortunately, are unaccompanied by their data, shows a 
peculiar relation between them. They differ in no respect except in 
their quantum of nitrogen. The per cent. of carbon, which on account 
of the predominance of that element in a proteid molecule would be 
expected to be most sensitive to changes entailed by hydration, shows a 
decrease of only 0°18 per cent.; while the nitrogen differs by one per cent. 
as seen from the tables given below. : 


Atmidalbumose | Blood-fibrin 
48°58 48-40 52-68 
H 7-62 7-55 6-83 
N 14-43 13-58 16-91 
g 0-39 0-37 1:10 
o | 2898 30-10 29:48 
100-00 100-00 100-00 


The close agreement of these bodies might argue two successive 
products of a hydration process accompanied by a breaking off of 
nitrogen radicals; but another point to be noticed in regard to these 
analyses is wanting an explanation, namely, that the carbon has fallen 
off 4 per cent. if we may take Hammarsten’s’ analysis of fibrin to be 
correct, which shows 52°68 per cent. of carbon. 

It is only occasionally that peptones even show so low a per cent, of 
carbon, and primary albumoses rarely if ever, especially when their 


1 Pfliiger’s Archiv, 
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production is accompanied by such a marked ete off in the content 
of nitrogen. 

But such a composition as Neumeister setien to his atmid bodies 
is utterly foreign to the ordinary make-up of an antialbumid. The 
typical antialbumid is a body containing a higher percentage of carbon 
than the proteid from which it is derived, associated with a corresponding 
diminution in the content of nitrogen. The atmid bodies described by 
Neumeister do not show these characteristics. Both the atmid- 
albumin and albumose formed, from blood-fibrin, as already stated, 
contain a very much smaller amount of carbon than the mother proteid, 
although the content of nitrogen corresponds with that of an albumid. 

Examination of the composition of the corresponding atmid bodies 
formed from coagulated egg-albumin shows a very marked difference in 
the relationship of the component elements. Here, all of the bodies 
analyzed, corresponding in any way to Neumeister’s atmidalbumin, 


_.show a higher percentage of carbon than the coagulated egg-albumin, 


from which they are derived. 


Comparison of producte- olinined from coagulated egg-albumin. 


NaCl NaCl+ NaCl Atmid- 
NaCl | NaCl Egg- 
. prelim. COOH | + COOH | deuteroalbu- é 

| (A) | pp. (B) | | | nose | Albumin? 

53°10 | 55°13 52-58 55°04 51:99 §2°18 
Hj} 6°63 6°93 6°86 . 6°89 6°60 6°93 
N | 1496 | 15°10 | 14-28 15°22 14°17 13:25 15°81 
8 1°35 1-66 1°36 0°98 1°87 
O 23°82 | 2200 | 23°98 27°18 23°21 


Further, there is noticed in all of the bodies corresponding to 
Neumeister’s atmidalbumin, a smaller content of nitrogen than is 
present in the original albumin; consequently, so far as chemical 
composition is concerned, these bodies formed from coagulated egg- 
albumin by the action of superheated water show a close relationship to 
the albumids, hitherto studied. : 

- The closeness of this relationship, together with some other points 
of interest, may be seen more clearly in the following table : 


1 Chittenden and Bolton. “Egg-albumin and Albumoses.” Studies in Physio- 
logical Chemistry, Yale University, Vol. 1. 
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hart tate of NaCl precipitates (A) and (B) [atmid bodies formed 
with antialbumid. 


2 3 4 | 

Antialbumid 8 after Antialbumid 5 after 
NaCl NaCl from with) from seram- |treatment with 
pp- (A) | pp. (B) | egg-albumin trypsin albumin trypsin 


c | 5310 | 55:13 | 53-79 5554 | 5451 | 58-09 
H | 663 6-93 7-08 7:30 7-27 7:60 
N | 15:10 | 14-28 14-55 1420 | 1431 12°61 
135 | . 166 1:32 
O | 2382 | 2200 | — = fo wins 


Antialbumid formed through the action of hot sulphuric acid water, 

on being dissolved in sodium carbonate and subjected to the action of 
pancreatic juice undergoes digestion, with formation of an insoluble 
portion of modified antialbumid, which resists further attacks of the 
ferment until the alkalinity of the solution is increased, when the same 
phenomena reappear ; but each successive insoluble portion is charac- 
_ terized by an increase in the content of carbon and a decrease in the 
content of nitrogen. 
The differences in composition between the NaCl precipitates of the 
atmid bodies (A) and (B) may be considered as due to analogous causes ; 
namely, longer exposure to the superheated water, influenced possibly by 
continued liberation of alkaline radicals. Thus, the NaCl precipitate 
(B) resulting from seven to eight hours’ treatment gained 2 per cent. of 
carbon over the NaCl precipitate (A) which was exposed to the action 
of the superheated water for only three hours, and lost over 0°75 per 
cent, of nitrogen. | 

The figures in the above table show us among other things that 
antialbumid derived from two different sources may vary in composition ; 
that in both cases the carbon is higher than that of the original 
substance and the nitrogen lower; that treatment with trypsin raises 
the carbon and hydrogen and lowers the nitrogen. Furthermore, the 
figures for 4 and 6 it may be added are not constant, but vary with the 
number of treatments with pancreatic juice. These four analyses illus- 
trate this point which it is desired to make clear and which a reference © 
to other analyses will corroborate; viz., that the representative of the 


1 For analyses 8, 4, 5 and 6 see Kiihne and Chittenden. ‘Ueber die niichsten 
Spaltungsproducte der Kiweisskérper,” Zeit. f. Biol. Bd. 
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anti-group differs widely in its composition according to the nature of 


- =the treatment it has undergone ; and that the continued attacks upon 


the body, which result in a partial digestion of its substance, likewise 
entail a change in the residue in the line of increasing carbon and de- 
creasing nitrogen. 

NaCl precipitate (B), which was acted upon by the superheated 
water nearly four times as long as the NaCl precipitate (A), at but a 
slightly lower temperature, indicates changes in composition of the. 
same nature as those undergone by the antialbumid; that is, its 
carbon and hydrogen have gone up with a relative lowering of nitrogen. 
The same fact is observed in the composition of the NaCl and 
CH,—COOH precipitates, which as already stated are made up mainly 
of the same substance as the NaCl precipitate. 

If, then, we consider this to be the action of prolonged treatment 
with superheated water, still arguing from analogy, we might expect 
the formation of an antialbumose-like body attending the change. No 
positive proof of the presence of such an albumose can be given, but 
that the NaCl precipitate undergoes a diminution in amount with an 
increase in its carbon content is testified to by the fact that though 
more material was used in the preparation of the atmid bodies (B), less 
of the NaCl precipitate and less of the NaCl + CH,COOH precipitate 
was separated from it than ae ey -bodies (A), but far more of a 
secondary body. 

From the above considerations it is believed that the NaCl precipi- 
tate, while not an antialbumid, as its solubility in water and peculiar 
conduct towards nitric acid clearly prove, is closely allied to it in 
composition and in general reactions, and that such specific characters 
as mark the difference is due to its mode of obtaining. Like anti- 
albumid it is believed to come from the anti-group and to be a cleavage 
product which in its turn may undergo further splitting by continued 
treatment ; it might perhaps be considered as an anti-protoalbumose, 
possessed of certain peculiarities incidental to the mode of preparation, 
or as a body intermediate between a true antialbumid and a proto- 
albumose. 

The NaCl+CH,COOH precipitate cannot be distinguished by 
its reactions from the NaCl precipitate and is undoubtedly a mixture 
in which atmidalbumin, to preserve Neumeister’s name for the 
NaCl precipitate, predominates. The other bodies present are a small 
portion of the secondary body obtained from the filtrate from the 
NaCl+CH,COOH precipitate, which we have seen is precipitated in 
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part by these reagents, and probably some primary albumose. The 
lower per cent. of carbon in NaCl+CH,COOH precipitate (A) lends 
colour to this supposition. The NaCl+CH,COOH precipitate (B), in 
which the longer treatment would have carried more primary albumoses 
into secondary, is almost identical in composition with the NaCl 
precipitate (B). 

Owing to the solubility of hiGcidatbeionts 3 in water and its conduct 
towards the reagents usually employed in separating albumoses, its 
presence would blind that of a typical primary albumose when tested 
for by the ordinary precipitants; hence, the presence of a true proto- 
albumose such as has been hitherto known could not with certainty be 
asserted. The heat coagula, however, which separated from the 
solutions of the NaCl precipitates on concentrating, display some 
analogies to a heteroalbumose but differ from it as atmidalbumin does 
from antialbumid in the one striking peculiarity of solubility in water, 
no precipitate of the body ever having been found on dialysing an NaCl 
precipitate. After the heat coagulum has been dissolved in acid or 
alkali, however, and then reprecipitated by neutralization it seems to 
have become wholly insoluble in water. 

_ Neumeister separated his atmidalbumose, as explained, by fract- 
ional precipitation with sodium chloride and acetic acid. By such a 
method he may have secured a fairly pure product, since the fibrin was 
acted upon but one hour and presumably little change into a deutero 
body had taken place. If such a body was obtained, free from atmid- 
albumin, it was undoubtedly as Neumeister considered a primary 
atmidalbumose or proto-atmidalbumose. 

The filtrate from the NaCl + CH,COOH precipitate afforded a body, 
apparently not formed in Neumeister’s experiments with blood-fibrin, 
which in all its reaction appears to be a true deuteroalbumose, unless 
we except its conduct towards alkalis, a reaction found nowhere else 
among such bodies with the exception of protoelastose’. That it is in 
no way to be confounded with Neumeister’s atmidalbumose is clear 
from its failure to give any precipitate with the mineral acids, picric acid 
and platinic chloride. With copper sulphate, only a faint turbidity was 
produced. Like deuteroalbumose from a gastric digestion it was not 
precipitable by saturation of its neutral solution with sodium chloride. - 

An examination of the analysis of this deuteroalbumose shows a much 


1 Chittenden and Hart. “Elastin and Elastose Bodies.” Studies in Physiological 
Chemistry, Yale University, Vol. m1. 
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lower content of carbon than in the sodium chloride precipitates and 
a marked diminution likewise in the content of nitrogen and sulphur. 
In a deuteroalbumose formed from a gastric or pancreatic digestion we 
should expect the per cent. of nitrogen to be equal to, if not higher 
than, that of the mother substance, while the carbon, as in the body 
considered, would naturally be lower. 

The low content of nitrogen and sulphur is, no doubt, due to a 
splitting off of nitrogen- and sulphur-containing radicals, to which is due 
the formation of the considerable quantities of noxious gases always 
evolved in the process. It would seem that the nitrogen and sulphur so 
separated was in a looser state of combination in the albumin molecule 
than that which remains; a view which, in the case of the sulphur, is 
furthered by the failure to obtain a distinct sulphur reaction on boiling 
the atmid bodies with potassium hydroxide and lead acetate. 

In conclusion, it is believed from a study of the experiments set 
forth in these pages, that the action of superheated water on coagulated 
egg-albumin, essentially a hydration process, is accompanied by 
cleavages of much the same order as those met with in ordinary 
proteolytic digestion, giving rise on the one hand to a resistant body of 
the anti-group, only a part of which passes into albumoses by repeated 
cleavage of the molecule, and, on the other hand, to the more readily 
hydrated hemi-group which passes through primary and secondary 
albumoses into peptone, which in turn is broken down into leucin and 
tyrosin ; in a word, that bodies, if not identical with, at least similar to, 
those occurring in the alimentary canal are met with here. 

That marked modifications both in the individual bodies and in the 
order and extent of their developement should exist, dependent upon the 
character of the agent or method employed, is, indeed, to be expected ; 
and a too close adherence to analogies with gastric or pancreatic diges- 
tion might lead into serious error. 
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Tue Rertex Action or THE INFERIOR MESENTERIC GANGLION. By 


J. N. anp H. K. ANDERSON. 


AccorpDING to Sokownin, i Nussbaum, Navrocki and Scabit- 


_ schewsky, stimulation of the central end of one hypogastric nerve, after 


the rami which run from the upper lumbar sympathetic to the inferior 
mesenteric ganglion have been cut, will still cause contraction of the 
bladder. | 

This observation has been much neglected, so that we call attention 
to it here, and give a demonstration of the effect upon an anesthetized 
cat. | 

Sokownin and the other observers just mentioned take the experi- 
ment to show that the inferior mesenteric ganglion acts as a reflex 
centre, and is under the influence of sensory fibres passing to it from 
the bladder. | 

The experiments which they have given do not however warrant 
this conclusion. The result might be produced in several other ways. 
It might be produced (1) if the nerve-fibres of the rami of one side 
divided and sent a branch to each hypogastric, (2) if some of the 
nerve-cells of the ganglion sent motor fibres to each hypogastric, 
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(3) if some of the ascending fibres of the nervus erigens ran back in the 
opposite hypogastric, (4) if some fibres from the upper lumbar nerves 
joined the hypogastric below the ganglion and ran upwards to it, (5) if 
the action current set up in one hypogastric were strong enough to 
stimulate neighbouring fibres. 

We have made a number of experiments to determine the exact 
manner in which the effect is produced. An account of them we hope 
soon to communicate to the Society. 


MEDULLATED Fipres IN GreY Rami. By J. N. LANGLEY. 


Microscopic specimens were exhibited to show :— 

That many small medullated fibres may be present in the grey rami 
of the lower lumbar nerves, and i in the sympathetic trunk below the Ist 
coccygeal ganglion (cat). 

That after section of both sympathetic trunks below the 6th leasber 
ganglion, the medullated fibres in the grey rami below the point of 
section are in part only degenerated. The normal fibres are of all sizes 
from 2°5 w to about 10 yp. 

That after section of the roots of the 6th lumbar, 7th lumbar, and 
Ist sacral nerves very few if any fibres degenerate in the rami of these 
nerves (the two or three degenerated fibres may have been the result of 
a trifling implication of the posterior root ganglion). 

That after extirpation of the posterior root ganglion of the “th 
lumbar nerve, a few degenerated fibres, chiefly large, are found in the 
corresponding grey ramus. 

M.S. PEMBREY made the following communication :— 

The Latency of Heat-Regulation. 

The experiments have had for their object the investigation al the 
latency of the regulation of heat in animals. ‘’he only measurement 
employed to test the regulation was that afforded by the respiratory 
exchange. 

Guinea pigs were at first used, but were aediied on account of 
the difficulty of quickly varying the temperature of the animals’ 
surroundings, and the slowness of the reaction. Mice were therefore 
used, and, by reason of their comparatively large cutaneous surface, 
they gave most satisfactory reaction. In these cases only the carbonic 
acid has, at present, been determined. : 

A series of observations at the same temperature were at first made 
to determine the effects of food, hunger, and time of day. 
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The variations in the temperature of the surroundings were now 
produced more quickly, and the following are the essential figures of 


some of the experiments :— ee 39 
| CO, Temp. of 
Period. ~ grm. Water Bath. 


White Mouse, No.2... a1... 30 mins, 1055 11° 
” ” a, 0957 
” ” ” 0518 31°°5 
” ” 0262 32°°5 
White Mouse, No. 4 al 10 mins. 0402 eM 
” ” “0310 13°*25 
” 0328 13°-25 
Black and White Mouse : 
.. AA] 0454 «10-75 
” ” 2 ” 10°:75 
” ” 3 0450 
” ” 6 ” 0394 11°-75 
” ” 7 ” 0273 28° 
8 ‘0202 30° 
re _ ‘0212 29° 
0315 14° 
” ” 0209 90°-75 
6 ‘0150 29° 
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CO, Temp. of 
Period. - grm. Water-Bath. 
Black and White Mouse _ | 
No. 1 m4 ae 7 10 mins. 0116 30° 
10 0225 10°°5 
11 0247 10°5 
4 ” ” 12 ” 0200 
DD 1 5 mins. 
a ‘0150 15° 
a. ‘0160 15°*5 
4. is 0146 15°°5 
5 ‘i 0123 30°-0* 
Tatervel of 33 minutes before (6), water-bath at 29°5 
Black and White Mouse 
No. 1 ss . DDE 5 mins. ‘0070 30°-0 
” ” 0048 30°*5 


In water-bath at 12°-5 for 35 minutes before first determination. 


Black and White Mouse © 


No. 1 . EE 1 5 mins, ‘0163 
” ” 2 ” ‘0167 
” ” 3 ” 0143 
4 0097 


* Delay of 1 silt in raising temperature of bath. 
_ Interval of 40 minutes, water-bath at 26°-5, before (5). 
Black and White Mouse 


No. 1 . EE 5 5 mins, ‘0100 
” 6 ” ‘0064 
” 7 ‘0112 
” 8 ” 0186 


These experiments appear to show conclusively that a mouse can in - 
less than five minutes vary its heat-production. It will be possible in 
future experiments to investigate the latency for periods of two or three 
minutes. 

Experiments have been made a: are still in progress to test the 
effect of ether, section of the spinal end, &c., upon the power of 
regulation. 
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| OXFORD. June 24, 


On the Localization of the effect of Injury in Muscle. 
J. BURDON SANDERSON AND G. J. Burcu. 


Photographic records were shown on the screen in proof of the 
following statements as to the electrical response of a muscle to a 
single induction current led through its nerve, when, after injury of the 


end by heat, the muscle is led off to an electrometer by its middle and _ | 


injured end. 

1. When one end of a frog’s muscle is immersed in salt solution at 
about 45° the immersed part is killed, but between the dead part and the 
uninjured part there is a region within which the muscle is contracted 
and rigid but still living. In this region each cross section is less 
living than the cross section next it on the side away from the injury. 

2. When a muscle provided as above with a so-called thermal cross — 
section is led off in the usual way with one electrode on the normal 
surface near the nerve endings, and the other on the thermal section, 
i.e. on the dead part of the muscle, it can be shown that the region of 
rigidity is the seat of the so-called “demarcation current.” 

3. When such a muscle is excited by a single instantaneous 
stimulus applied to its nerve, the electrical response is the result of the 
summing together of electrical changes which have different time 

relations and intensities, according as they occur in the normal part of 
the muscle or in the region of contracture. 

4. It was shown two years ago that in the normal part the elec- 
trical change is, in so far as it manifests itself externally, biphasic, and 
of very short duration (about 0°006 sec.). The first phase is homo- 
dromous, i.e. in the direction of propagation, the second heterodromous. 
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5. In the region of partial damage all less injured parts become, 
in excitation, negative to more injured, and consequently an electro- 
motive force is generated so long as the state of excitation lasts, which 
represents the sum of these relative negativities. This change may be 

called the “injury response.” It is biphasic. 
: 6. The character of the injury response can be best seen when the 
leading-off contacts are respectively on the two edges of the region 
of contracture. The edge furthest from the injury becomes negative 
and its negativity persists during the béginning of the period of con- 
traction, lasting about 0°036 sec. The photographic curve obtained by 
this method represents, we believe, the duration of the excitatory state 
in a muscle, It is approximately the same as that of active contraction. 

A number of photographs, showing the electrical variations in 
muscle during continuous tetanus, were then exhibited. Mr Burch 
described briefly the different modes of stimulation employed, and 
pointed out the characteristics of the response in each case. 


Thyroid Extract after Thyroidectomy. 
A. F. S. Kent made the following communication :— 


The experiments were undertaken with the view of finding a quick 
and certain test of the activity of different samples of Thyroid extract. 
Their chief interest, however, lies in other directions, and more especially 


in the fact that specific micro-organisms appear to be constantly present 


in the tissues of those animals which die after the operation of Thyroid- 
ectomy. In one case, Experiment 1X., typical symptoms of Myxcedema 
were present. Castration has a tendency to protect the animals from 
the effects of excision of the Thyroid, at all events for a time, and this 
is probably connected with the great difference observed in the severity 
of the symptoms in the two sexes. It is pogsible by means of repeated 
injections of the extract to prolong the life of an animal deprived of its 
Thyroid, and occasionally such prolongation may extend over several, or 
many, months. A sore is apt to be formed upon one of the extremities, 
and the discharges from such sore, as well as the blood and the tissue 
juices, contain the organisms above mentioned. These organisms are 
however most numerous in the spleen, and a preparation taken from 
that organ usually shows :— 


(1) A large bacillus, very like that of malignant wdema. 


(2) A large diplococcus, which grows well on gelatine, and forms — 


streptococci when grown in broth. 
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Experiment 
Cat I. 


Cat IT. 
Cat IV. 


Cat V. 


Cat VI. 


Cat VII. 


Cat IX. 
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Both Thyroids excised. 3 weeks after operation 
there was a difficulty in swallowing, with a 
tendency to vomit. 10 minims of extract 
given subcutaneously. At 9th week convul- 
sions, which were subdued by injection of 
8 minims of extract. | 

Both Thyroids excised. 7 

Both Thyroids excised. On 15th day distress. 


10 minims of extract given. On 16th day 


35 minims given in four doses. Its effect 
was very marked in reviving an apparently 
dead animal. On 17th day died. 

Both Thyroids excised. On 4th day convulsions. 
10 minims of extract. On 5th day convul- 
sions. Died. The extract did good, but could 
not save animal. 

Both Thyroids excised. On 16th day very 


weak. 8 minims extract. No convulsions. 


Died. Pus in neck contains large bacillus 
and diplococcus. Temp, went up on day of 
death to 103-6. Leg ulcerated. 

Treated with extract for ten days before opera- 
tion. Both Thyroids excised. On 5th day 
very shaky. 16 minims extract. Feeding 

- per rectum. Better. 6th day. Fairly bright. 
Convulsions later. 7thday. 8 minims extract. 
8th day. Died. 

Castrated 15 days before operation. Both Thy- 
roids excised. 7thday. Swelling of head and 
leg. Hair coming off. Dull. Hyperesthesic. 
11th day. Swelling more pronounced. Hyper- 
eesthesic. Leg ulcerated. 20th day. Dull. 
23rd day. Foolish and torpid. Tremors. 
Dyspnea. 8 minims extract. 25th day. 
Chloroformed. P.M. Skin on both sides of 
head very thick. Mucin increased. Under- 
lying tissues very dry. Gall bladder very 
full of green bile. Spleen small, pale. Lym- 
phatic glands large and pigmented. Large 

sore on side of tongue. Spleen contains large 
bacillus and diplococcus. On gelatine diplo- 
coccus alone grows. In broth diplococcus 
forms streptococci. 


xix 

Result 
Alive and well 
4-months after 


operation. 


Died on 3rd day. 
Died on 17th 
day. 


Died on 5th day. 


Died on 16th 
day. 


Died on 8th day. 


Killed on 25th 
day. 
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Experiment 
Cat X, 


Right testis excised. 15 days afterwards both 


Thyroids excised. 3rd day. Slight tremors. 
4th day. Head slightly swelled. 5th day. 


‘Slight dyspnea. 16 minims extract. 6th 


day. Much better. Respiration tranquil. 
Tried to vomit. 16 minims extract. Tried 
to vomit. 7th day. Well. Respiration 
normal. Appears stiff. 8th day. Well. 
Takes meat well (first meat since operation). 
9th day. Hair coming off. Torpid. 5 
minims extract. 10 minims extract. To- 
wards night, not so well. 


Cat XI. Both testes excised. Six days afterwards both 


Thyroids excised. 3rd day. Discharge from 
nose. Torpid. 4th day. 8 minims extract. 
5th day. Died. P.M. Gall bladder very 
full of green bile. Spleen small, pale. Juice 


_ of spleen contains large bacillus. 


Cat XII. Both testes excised. Eleven days afterwards 


both Thyroids excised. 3rd day. Tremors, 
uneasy. 4th day. Getting rapidly worse. 
Dyspnea. Convulsions, 8 minims extract. 
5th day. No change. Died. Discharge 
from eye contains micrococci (many) and 
diplococei (few). P.M. Spleen small, pale. 
Juice contains large bacillus. Gall bladder 
very full of green bile. 


Result 
Alive. 


Died on 5th 
day. 


Died on 5th 
day. 


CAMBRIDGE: PRINTED BY C. J, CLAY, M.A. AND SONS, AT THE UNIVERSITY PRESS. 
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‘Untversity Contec, Lonpon. October 21st. 
On the causes of asphyaia, 


PROFESSOR Huao KRONECKER reported the results of an investiga- 
tion, carried out under his direction by Dr Jorp1 in the Physiological 
Institute of Berne, ‘on the causes of asphyxia. Two alternative 

assumptions suggest themselves in relation to the primary aim of respi- 
ration. The first object of respiration is either to supply oxygen to the 
organism or to eliminate CO, from it. Previous researches made under 
the direction of Prof. KRONECKER have reached the following results, 
McGuire has shown that the frog’s heart can work as effectively when 
it is supplied with blood which has been freed from its gases as with 
blood which contains oxygen; on the other hand, blood which contains 
much carbonic acid rapidly interferes with the activity of the heart. 
Saltel found that when the heart has been paralysed by carbonic acid, 
it recommences to beat when the CO, is eliminated, either by exhaustion 
in vacuo, by absorption, or by diffusion. Signora Traube-Mengarini 
has experimentally established the presumption that fishes can recover 
from death by asphyxia if opportunity be afforded to the blood of 
freeing itself from CO, by combination with substances introduced into 
the surrounding medium. 
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Dr Jorpi has endeavoured to settle this question by new experi- 
ments. Gold fish, he has found, can exist for about two days in half a 
litre of water, which is entirely shut off from the air: for about one day 
in water which has been deprived of its dissolved gases by boiling. If, 
after these periods, they are transferred, whilst lying helpless on their 
side in the condition which immediately precedes death, to another 
vessel containing boiled out water, they recover and survive for periods 
of 10—17 hours. Fresh fish introduced into the water which has been 
tenanted by the dead fish can live in it for some hours. When, 
however, a little sodium hydrate (0°02 grm.) is added to the water in 
which a fish has just died, a freshly introduced fish can live in it for a 
whole day. When 0°05 grm. of NaOH was added to 500 c.c. of water, 
a fish dying of asphyxia in it revived and its life was prolonged during a 
period of 45 hours and 15 minutes. When introduced into water which 
contains CQ, in solution, fish die, death supervening with a rapidity 
which increases with the amount of the gas present. Thus in a 
mixture of two parts of a saturated aqueous solution of CO, with 98 
parts of water, death occurs in about 20 hours: with 5 per cent. of — 
aqueous solution of carbonic acid, in about 5 hours and a quarter; with 
10 per cent, in about two hours and a half; with 25 per cent., in one 
hour; with 50 per cent., in from fifteen to thirty minutes, and when 
placed in an undiluted saturated solution of CO, death occurs in from 
one to thirteen minutes. 

_ Traube’, in researches which date as far back as 1862—638, found 
_ that in dogs in which artificial respiration was kept up, air containing 
from 20 to 75 per cent. of CO, could be introduced into the lungs 
during several minutes without causing the death of the animal, though 
the blood pressure and respiration were materially affected. Dr Jorp1 
has endeavoured to determine how much OO, he could support in 
inspired air, with artificial respiration kept up by means of a water 
bellows as well as when he inhaled the gaseous mixture from a gaso- 
meter of 40 litres capacity. Professor Gamgee has had the kindness 
to make the analyses of the gaseous mixtures in this second series of — 
experiments. | 

When attempting to inhale a mixture of equal volumes of CO, and 
of atmospheric air, Dr JORDI was unable to make a single deep inspi- 
ration in consequence of spasm of the glottis and a feeling of giddiness. 
Of a mixture of air and CO, which was found on analysis to contain 


1L.Traube. Gesammelte Beitrage zur Pathol. und Physiol. Bd. I. No. X. und XIV. 
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29°43 per cent. of CO,, he inspired 40 litres during a period of one 
minute and five seconds, the number of respirations being 28; towards 
the end of the period, Dr Jorpr’s aspect and the laboured character of 
the respirations were indicative of dyspnoza, a condition which, however, 
had entirely disappeared nine minutes afterwards. 

Forty litres of mixtures of atmospheric air and CO, containing 
respectively 22°35 and 22°06 per cent. of CO, occasioned in the case of 
Dr JorpI and of a student (M. Maillard) less inconvenience. Dr JorpDI 
was able in two minutes and a half to inhale 110 litres of air containing 
from 7 to 9°6 per cent. of CO, Mixtures containing from 7°88 to 7°95 
per cent. of CO, enabled Dr Jorpi to breathe much more amply than 
normal, Whilst able to breathe 38 litres of pure air in one minute, he 
was able to breathe 63 litres of air containing the last named 
proportions of 

It appears from the above facts that carbon dioxide in certain 
proportions stimulates respiration. This conclusion suggests the question 
whether we are able voluntarily to breathe so frequently and so deeply 
as we do when the amount of CO, produced is increased? In order to 
_ throw light on this question, Dr JoRDI and several students rapidly 
ascended the stairs leading up to the summit of the Cathedral Tower of 
Berne, which is 279 feet high, and thereafter measured the volume of 
air expired during a period of ten minutes. In each case the subject of 
the experiment felt forced to inspire and expire a quantity of air which 
was largely in excess of the normal respiration of the same individual. 
All those taking part in the experiments were able in the normal 
condition of rest to make maximum respiratory efforts extending over 
periods of from eight to ten minutes, and of inspiring voluntarily during 
this time a volume of air nearly as large as that breathed subsequent to 
the exertion involved in ascending the tower. Dr JORDI was able, 
when at rest, to make voluntary maximum inspirations for a period of 
one hour. It would thus appear that a considerable exaggeration of 
respiration extending over periods of some — is possible, though 
not in the case of all persons. 


On the action of the 


Professor SCHAFER drew attention to the fact that the anterior 
attachment of the ciliary muscle is not to the firm tissue of the cornea 
and sclerotic, but to the loose elastic tissue which is continuous with the 
membrane of Descemet and forms a spongy areolated mass lying 
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between the canal of Schlemm and the anterior chamber of the eye’. 
The author showed, by the aid of specimens and photographs, that the | 
effect of the action of the muscle must be not only to draw forward the 
choroid and relax the suspensory ligament—an action which is probably _ 
mainly performed by the circular fibres of the muscle—but, as regards — 

the meridional fibres, to open up the spaces of the sponge-work in 
question and allow a free flow of aqueous humour towards the canal of 
Schlemm. In this way the bulging forward of the anterior surface of 
the lens will receive no check from any increase of pressure which the 


change of shape of the lens might otherwise produce in the anterior 
chamber. 


1 Compare also M. Straub Arch. f. Ophth., Bd. 88, 1887, and Bd. 85, 1889. 
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Sr Mary’s Hospitat, Lonpon. November 11th. 


A. D, WALLER. 


In the prosecution of observations previously reported to this Society 
and at the Lidge Congress of Physiology, I have improved the thermo- 
graphic apparatus then shown by using a piston-recorder, and I have 
sought to translate its indications into calorimetric terms. 

The ordinate of a thermographic curve may be taken as an index to 
the rate of heat-discharge per area per time, and the area of a thermo- 
graphic variation can be expressed in calories. For practical comparisons 
the area of such a variation may be taken as that of a triangle with 
time as the base and maximum ordinate as the height. 

From graduations of the thermograph I was led to ask whether (e.g. 
for clinical purposes) it would not be possible to utilise ordinary ther- 
mometers for calorimetry, preliminary trials having shown me that not 
only a thermograph with an ordinate of 20 mm. per 1°C., but a simple 
mercurial thermometer with an excursion of 5 mm. per 1°, indicated the 


increased heat-discharge (e.g. that consequent upon muscular exertion) 


far better than a partial calorimeter surrounding a limb, as employed 
by J. and C. Rosenthal. Loss of heat by evaporation is a esti- 
mated. 
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_ The calorimetric value of surface thermographic or thermometric 
readings was estimated as follows: 

Readings were taken at intervals of an internal and external ther- 
mometer in connection with an india-rubber sphere of known surface 
containing a known weight of cooling water. A third thermometer 
gave the temperature of the surrounding air. The internal thermometer 
gave the rate of heat loss in calories. The external thermometer gave 
indications that were proportional with the temperature-difference (to 
be referred to as the T.D.) between the surface of the sphere and the 
surrounding air. This externa] thermometer (or thermograph) does not 
and need not indicate the true value of the surface temperature, it acts 
as a heat-gauge, receiving heat at its applied surface, giving off heat at 
its exposed surface, thus in accordance with Newton’s law indicating — 
the “heat-tension” of the surface to which it is applied, and after 
graduation, the rate in calories per time per area at which that surface 
is giving off heat. 

A possible objection that Newton’s law is not strictly accurate, and 
that the rate of cooling is not strictly proportional with T.D. but more 
precisely with T.D..™ is easily met ; within a moderate range—5 or 
even 10°—the discrepancy is slight, and | in any case it is easily corrected 
in a graduation scale. . 

The following table gives in three ee columns the calorimetric 
values per 1 minute per 1000 cm.’ of temperature-differences such as 
ordinarily present themselves in the case of the human forearm, drawn 
up in accordance with observations on the standard sphere (1) on the 
least accurate assumption that Cal.=k(T.D.), (2) on a more accurate 
assumption that Cal. = C+k(T.D.—10), and (3) on the least inaccurate 
assumption that Cal. =k (T.D.)'™. 


Heat-emission in calories per 1 min. per 1000 cm.*, with lannerahirs- 
differences of 10 to 15°. 


T.D. Cal, =12°5 T.D. Cal, =120+15 (T.D. - Cal.=7 T.D,1%8 


15° «1875 195 197-50 
14 175 180 181-24 
13° 162'5 165 
12° 150 149'88 
11° 137°5 13463 
10° 125 120 119°70 


The table is easily extended; I have hitherto utilised the second 
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column as a standard of reference for the translation of an observed 
T.D. on the forearm into an inferred calorimetric discharge per minute. 
This involves the assumption that the radiation constant of the sphere 
did not sensibly differ from that of the human skin and that the 
radiating power of the skin does not sensibly vary, and objection may 
therefore be raised. 

The objection applies hieueie only to one of the three ways of heat- 
dissipation—to radiation—and not to conduction and evaporation; it is 
not proved that radiation of the skin can vary otherwise than as a 
consequence of an alteration of T.D., and in fact Stewart’s experiments 
are to the effect that the radiation does not vary otherwise than as a 
consequence of varying T.D.; and finally, the preliminary experiments 
that I have made gave an approximate equality between the radiating 
power of the sphere and of my forearm. So that in sum I think the 
graduation scale may fairly be used, ahd even if further experiments 
should show that there is an actual difference between the radiating 
power of the two surfaces, the necessary correction cannot be large, nor 
in any way affect the comparative values of either the thermometric. or 
the calorimetric data. 

Adopting the second column of the islet given above, the following 
numbers represent the state of heat-emission from a human forearm 
with a superficial area of 500 cm.’, during rest, (a) after previous rest, 
(b) after previous exertion. The surrounding temperature was 20° 
and the evaporation was gauged as described below : 


a. After rest. b. After exertion. 
T.D. 12° 14°. 
i.e. heat-emission | 75 cals. per. min, 90 
H,O 4 mgms. per 20 cm.’ per min. 30 
i.e, heat-emission 6 cals, per min. 45 
Total = 81 cals. per min. 135 


In my previous communications it has been stated (1) that the rise 
of temperature in a limb after muscular exertion is mainly a vascular — 
effect, (2) that the rise from and subsequent fall to the normal value are 
very gradual, ¢.g. the maximum is reached in about 10 min., and the 
return to normal in about one hour. Taking these values I find eg. that 
the amount of heat emitted from the forearm during one hour of rest 
after rest, and during one hour of rest after two minutes of muscular 


exercise (20 kg; 3), are respectively : 
4500 cals, and 4500 + 387°5 cals,, 
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te. an increase of 8 per cent. during the hour in consequence of exertion. 
Tn this case the maximum value of the rise due to exertion was 15° T.D. 
t.¢. 11°25 cals. per minute, from a normal value of 12° T.D. ie. 75 cal. 
per min. This was a maximum increase of 15 per cent., and happens 
to be very closely identical with the maximum increase of blood supply, 
which in an independent plethysmographic observation was estimated 
to be about 15 per cent. (Volume of limb at rest = 1650 c.c.; estimated 
amount of blood = 127 c.c.; maximum increase of volume after exertion 
=19c.c.), No stress is to be laid upon this accidentally exact coin- 
cidence ; all that is urged is that the two magnitudes are of a similar 
order. | 
-The loss of heat by evaporation is s separately estimated. I used 
for the purpose shallow glass capsules in the bottom of which calcium 
chloride solution had been evaporated to dryness. The amount of water- 
vapour discharged was ascertained by weighing before and after the 
capsule had been left inverted over the skin during a given period, and 
the heat thus emitted was known by calculation from the latent heat of 
evaporation. By preliminary trials it was found that the normal water 


_ discharge varied between 2 and 20 mgrms. per 20 cm.’ per 10 minutes 


at various parts of the skin under ordinary varying conditions. 
Eg. with an external — of 20°, the following values were 
observed : 


Palm of hand 24 mgms. per 20 cm." per 10 min. 

Cheek 6 ” ” 
 Axilla 

Popliteal space 

Forearm 


It was also found, by trial on a wet cooling sphere, that the total : 
amount of heat shown by means of the internal thermometer to be lost, 
was approximately found by calculation from the data furnished by an 


external thermometer and hygrometer conjointly: e.g. against a loss of — 


400 cals. per min. indicated by the internal thermometer, there were 
found 150 cals. by the surface thermometer plus 240 to 270 cals. by the 
hygrometer. It is probable (but I have not yet tested this point) that 


the hygrometer indications calculated for the entire wet sphere are 


liable to be falsified by variations of water-vapour in the air, but this 
source of error is absent in the case of the skin so long as the rate of 
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perspiration does not exceed the rate of absorption by the hygrometer. 


With capsules of the dimensions given this is between 80 and 90 mgms. 
per 10 min. 


J. Lorrain SmitH and M. S. PEMBREY. 
The histological changes following upon Thyrovdectomy in animals. 
Rogowitsch and previous investigators of this subject have confined 


their attention to the pathological changes in the tissues of acute cases; __ 


moreover they have generally examined the central nervous system 
alone. In this research it has been our object to investigate not only 
acute, but also chronic cases, and to extend the inquiry by following out 
the changes in the other tissues. 

Up to the present time we have examined cats only, but we shall, 


owing to the kindness of Professor Heger of Brussels and of Mr Walter 


Edmunds and Professor Sherrington, soon be in a position to add a 
report on the tissues of dogs both acute and chronic. 

Acute Cases. The changes in the nervous system in the acute 
cases may be exemplified from a report on the spinal cord in one case, 
in which the cat died with typical symptoms seven days after the 
operation. The ganglion cells of the grey matter are atrophied and in 
some instances have apparently become disintegrated. The spaces in 
which they lie are enlarged and circular as though distended with fluid. 


The grey matter which surrounds the cells has become thinned out and © 


appears more like a fibrillated meshwork than it does in the normal. 
The changes may be localised chiefly in the anterior horn or may extend 
over the whole area of the grey matier. 

In the white matter the contour of the nerve fibres is more or less 
destroyed. This is due to changes in the medullary sheath which lead 
in many instances to its disappearance. In certain segments of the 
cord there occur in the white matter deposits which have a crystalline 
appearance. These deposits stain deeply with hematoxylin and are 
irregularly distributed. They also occur between the cord and its 
membranes. In the dorsal region of the cord the changes are more 
marked than in the cervical or lumbar regions. 

In other acute cases changes similar to those described are found to 
occur to a greater or less degree. In two of the cords examined the 
deposits differ in appearance from those first described. Here they 
oceupy the space of a white fibre and hence are circular in shape. In 
certain sections the gradual development of these can be traced. At 


_ first they appear as a faintly staining substance. The mass increases in 
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size and takes a much deeper and hence acquires in the section a much 
clearer outline. Occasionally several of these bodies are close to each 
other and they unite to form an irregularly rounded mass. They occur 
also in the grey matter, but from their origin they are most probably 
some form of altered myelin. They are insoluble in water or baryta 
water or xylol. They do not stain with osmic acid or with iodine. 

Chronic Cases. In the nervous system the changes in the grey 
matter are similar to those described in the acute cases but much further 
advanced. The destruction of cells is very marked in many of the 
sections. The cell-spaces are very large and circular in shape. The 
rest of the grey matter is much wasted. 

Profound changes are seen in the white matter also. The myelin 
sheath can be observed in all stages of degeneration. In certain areas 
it has disappeared completely. In others the axis cylinders also have 
to a great extent been destroyed. A still further change, observed in 
_ certain segments, consists in a replacement of the white matter by 
strands of tissue apparently composed of neuroglia. This sclerosis is 
seen only in certain areas of the cord, but it is not confined to definite 
columns. These changes are not seen to the same extent at different 
levels of the cord, nor have they reached a similar ~~ of development 
in the three cases we have examined. 

Pathological changes are also to be found in the following organs :— 

Spleen. In the spleen there is marked atrophy of the organ as a 
whole. With this atrophy there may also occur fibroid thickening of 
the trabecule. The small round cells of the pulp have decreased in 
number. The large splenic cells are not wasted to a similar degree. 

Liver. In the liver there is extreme fatty degeneration in one 
ease. In the other two there is great atrophy of the trabecule of 
liver-cells. In these two there occurs also a peculiar band of degenerated 
tissue immediately under the capsule. This band stains yellow with 
picrocarmine and a dull yellow with hematoxylin. It is not a thickened 
capsule, for in places it can be clearly seen to be composed of profoundly 
altered liver-cells, The nature of this degeneration has not been further 
determined. 

Kidney. The kidneys in each case show fatiy degeneration of the 
epithelial cells with disintegration-masses of débris occasionally observed 
in the secreting tubules. There is no marked interstitial change. 


This research, although unfinished, justifies in our opinion the — 
conclusion that the symptoms observed after eee have a basis 


in structural changes. 
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